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THE STRUCTURE AND DEVELOPMENT OF OPHIOGLOSSUM 

PALMATUM 

M. A. CHRYSIiEE’^ . 

(with TWENTY-ONE figures) 

Ever since its discovery in Hispaniola by Pliimier early in tlie eigiiteent^ 
century Opliioglosstim palmaUmi -L. lias attracted attention, partly because 
of its unusual form and partly no doubt because of its rarity. In the origi- 
nal description of the plant Pliimier (1705) says : Je nfay jamais rencontre 
eette plante quhine seule fois, dans tons mes trois voyages dans les Isles de 
PAmerique.^’ Considering the general rarity of the plant, it comes as a 
matter of surprise to read in a letter from the late Dr. J. K. Small : Forty 
or fifty years years ago one could go to the edge of the Everglades back of 
Miaigii (Florida) and collect it by the wagon load. Today not a leaf can 
be found there. ’’ 

MATERIAL AND METHODS 

Through Doctor SmalFs kindness material was preserved in the field 
during one of his last visits to Florida, namely in November 1936. In order 
to secure a series of stages in development, I visited one of the Florida sta- 
tions in January 1938, on which occasion I was favored by the cooperation 
of Dr. H. IT. Hume and Mr. Erdman West, both, of the Florida Agriciiltural 
Experiment Station, also of Dr. E. P. St. John and Dr. E. P. St. John. 
Hearty thanks are here extended to these botanists, especially for proAuding 
the ladders whieh were necessary to enable one to dislodge the plants from 
their position in the decaying matter beneath the crowns of the palmettoes, 
Sa^al Palmetto (AValt.) Todd, in company wdth Polypodium aureumJj. and 
Vittaria lineata (L.) Sw. A second visit to the same station was made in 
April 1939, on which occasion I had the lielp of Professor M. A. Johnson of 
Rutgers University as well as of the St. John brothers. On these occasions 
an effort was made to secure gametophjffes, but unfortunately without suc- 
cess. Even the young sporophytes appear to have arisen as buds from roots 
of older plants (v. Bower 1911). 

1 Publication of Bureau of Biological Kesearch, Rutgers University. 

1 . 

[The Bulletin for. Becember (67: .731-816) was issued December 3, 1940] 
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Most .of /lie material was fixed in formaliii-aeetie--a]^3olioI, but for the 
yc^iixg spikes Alienas modification ^^FFA^”) of Bouin was used. For stain- 
ing developing sporangia iron alum haematoxylin folloxved b.v gold orange 
'proved to be entirely satisfactory, although in some cases the safranin-fast 
green combination was used. Picro-aniline blue seemed to be on the whole 
the most suitable stain for the mycorrhizae. Methods, for clearing leaves 
proved to be of small value in tracing the course of the vascular bundles— 
even series of sections cut freehand and mounted in glycerine gave superior 
results. 

In addition to the microscopic study a survey of the superficial features 
has been made of the numerous specimens represented in the herbaria at 
Kew, the British Museum, and the New York Botanical Garden. An exami- 
nation of all available illustrations of the plant leads to the conclusion that 
many of them are distinctly unsatisfactory in their attempt to display the 
f^ritieal features. 

The objects of the present study have been to find to what extent dexu^lop- 
meiit in this species (genus?) differs from that of members of tlie group 
EiiO'pliioglossmn ; to examine in a sufficient number of individuals the at- 
tachment of the fertile spikes ; and to attempt a revaluation of the different 
theories which have been proposed as to the morphological natui*e of the 
spike. 

The earliest work on the internal structure of this plant appears to l]a\’e 
been by Bertrand and Cornaille (1902), who figure a section through adeaf- 
stalk. In 1904 Bower was able from a Jamaica specimen to trace the origin 
of the vascular strands which supply the spikes. Tliese results were con- 
firmed and an analysis of the stem structure was made in 1911, when he liad 
access to another plant from the same source. This work was supplemented 
by careful study of many herbarium sheets. At about the same time Gam]>- 
bell (1911) in his work on the Eusporangiatae made brief reference to cer- 
tain features of root and leaf. Apparently no material was available to the 
previous workers for study of the development of sporangia and spores. 

THE ROOT 

The roots— all adventitious in the mature plant — are numerous and may 
reach a length of 240 mm., with diameter from 1.5 to 2 mm., penetrating tlie 
loose litter between the dead leaf bases of the palmetto, as we find the plant 
growing in Florida. Occasional branchings which are to be regarded as 
dichotomies occur. The absence of root-hairs is in keeping with the niy(M)r- 
rhizal habit. At a short distance back of the region covered by the i‘oot-cap 
it is seen that the outer layer of the root, which would ordinarily be devel- 
oped as a piliferous layer, comes to have a firm wall which is imi)i*cgnated 
with a highly impervious substance which stains with safranin, but does not 
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yield reactions iigriin or suberin. The outer wall of the c^el’s in question 
is especially thickened in older regions of a root, and may mss nine a yeMow 
color. With this may be compared the observations of Petry (1914) on the 
root of 0. pemdiiluni. The general features of the mature root are repre- 
sented in figures 5, 17, in \^dlieh it may be made out that the external layer 
of cells is followed hy an outer cortex devoid of intercellular spaces and 
having a thickness of from five to seven cells. These cells have a transverse 
diameter of about 70 p and a length of about 300 p; they contain nunieroiis 
ver.y small starch grains, and the inner part of the la.yer (2-3 cells thick) 
may contain a fungus. The inner cortex has a thickness of 4-5 cell diameters 
and its cells display a thickening which approaches collenehyma ; where 
three cells meet the walls are markedly thickened and the sceoijdary wall 
stains like cellulose, while the primary wall is well developed in the ^h3oriier’^ 
regions, taking a strong safranin stain. But in the innermost parts of the 
cortex the primary wall disappears, leaving the usual triangular intercellii- 
lar spaces. The endodermis displays a |)lain Casi^ary^s band. The stele has an 
average diameter of about 0.4 mm., and shows a continuous mass of xylem 
which is diarch in a large majority of the roots which have been examined, 
although, as noted by Campbell (1911), the triarch condition also occurs, 
and both the diarch and triarch condition is to be seen in different roots of 
the same plant.. Moreover a triarch root may distall.y become diarcli, espe- 
cially after a dichotomy. A section through the stele of one of the triarch 
roote is shown in figure 5. With this may be contrasted the stele of 0, 
fibrositm, figured by Maheshwnri and Singh (1934), in W'liieh species the 
three xylem groups are widely separated. 

Mycorrhiza. The occurrence of a fungus in the outer cortical la.yer has 
already been mentioned, and is consi^icuous when present. Bowser (1911) 
refers to ^‘the presence of endotrophic mycorrhiza, though not in such pro- 
fuse development as the habit of the plant might lead one to expect. ^ ’ Many 
root sections fail to show^ fungi, even at a distance of some centimeters from 
the tip. Moreover the mycorrhizal zone ma.y extend only part w^ay around the 
root, indicating a local infection. In the Florida material very few^ cells con- 
taining filamentous hyphae (^^ fungus host cells’’) have been found, but most 
have passed into the digestive stage, i.e., they show irregular lumps of vary- 
ing size and shape occup 3 ing a large part of the cell, not how'ever ineluding 
the nucleus. Coenocytic hyphae but no reproductive cells have been observed, 
so it wmuld not be possible to identify the fungus as Siigeospormm Maratti- 
aceanim. In this action w^e thus follow^ Burgeff (1938) in his discussion of the 
mycorrhizae of 0. pcndzdim. 

The tip region of the root cut in longitudinal and transverse planes shows 
a tetrahedral apical cell with four cutting faces, and is thus typical of the 
order (Bowser 1926). Mitoses in adjoining cells are frequent, indicating that 



[VOL. 68 


4 BULLETIN OP THE TORRE Y CLUB 

growtli was impicl in the early spring period in wliieli theDinaterial was eol- 
lecPecl. The mitotic figures contain a very large number of small narrow 
chromosomes, and could not be counted in this part of the plant { vide infra). 
No irregular segmentation similar to that observed in 0. pendulum by Petry 
(1914), and by him attributed to slow growth, were found in the Florida 
material. Difierentiation of the xylem within 4 mm. of the tip was found in 
two of the roots. This xylem already displayed the type of tertiary thick- 
ening which is characteristic of the tracheids in Ophioglossales. 

THE STEM 

The rliizome has a definitely stocky form in the Florida specimens, ma- 
ture indivjxluals having an average diameter of 9 mm. and a lengtli approxi- 
mately the same. Bower gives the diameter of his J amaica specimen as inch, 
which appears to be rather above the average. Moreover the Florida plants 
usually show from three to four functional leaves at one time instead of the 
single one which is represented in some herbarium specimens. 

Judging from the number of withered leaf bases surrounding tlie larger 
rhizomes, and from the prevalence of smaller plants, growth of the stem is 
slow. This results in a crowding of the leaves, involving complexity of the 
vascular skeleton. Bower succeeded in resolving the network into a fairl}” 
narrow dictyostele in which the vascular supply of a leaf arises as two 
strands, one from each side of a wide gap. A quite peculiar condition exists 
in the form of a ^ Commissure” stretching between the two strands imme- 
diately above the point of exit from the stele. I have been able to confirm the 
foregoing as a general statement; but examination of a larger number of 
rhizomes indicates that the plan is subject to variation. For exam])] e, the 
commissure may fail to appear in some of the gaps ; a root may or may not 
arise from the commissure ; roots in some cases strike downward through tlie 
pith instead of the cortex ; the double leaf trace may extend througii tlie 
cortex and petiole without branching for a much greater distance than is 
shown in Bower’s figure 4 (1911) ; a diarcli root may lie beside a triareh one. 
These variations well match the wide differences in number of lobes and of 
fertile spikes which different individuals show. 

The bundles which constitute the stele are ectophloic, with protoxylein 
ill-defined but mostly endarch. Secondary growth is lacking. The traidieids 
have the exceptional combination of spirals and pits which is characteristic 
of Ophioglossales (Loughridge 1932). In the position of an external eudo- 
derniis some individuals have a layer whose cells are filled with dark-staining 
fine granules, while other individuals have some cells of the layer thick- 
walled, reticulate, and taking a definite stain with safraniii. But in other 
stems no endodermis can be distinguished, and in none has a typical Cas- 
pary’s band been seen. Perhaps the specialized layer should be regarded as 
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perieyele. No fiin^'al liypliae liaye been observed in any of the Thizomes, but 
in some cases starch grains are abundant, al though they may be entii^ly 
absent from a rhizome. 

THE LEAP 

The branching of the sterile segment of the leaf has won for the plant 
the common name ^diand fern’’ (Plumier, l.c., says ^^a pen pres coniine line 
main oiiverte, ” as well as the specific designation palniatum. These words, 
however, appear to misrepresent the true nature of the lobing. Bitter (1900) 
refers to ^‘2-3 faclien Dichotomien, ” and this feature was first brought to 
my attention by inspection of several specimens in the Herbarium of the 



PiCr. 1. Leaves sliowiiig stages in dichotomy. The two youngest leaves are sterile; 
the third leaf shows the unusual condition of a single marginal s])ike. 


New York Botanical Garden. These plants were collected in Sta. Catharina, 
Brazil, and very clearly show the sterile part of the leaf twice dichotomous, 
with ribbon-shaped lobes. I have not been able to inspect Plumier’s type 
specimen, but his illustration (l.c., pi. 163) shows tAvo plants each Avith four 
nearly equal lobes, so Ave may infer that his specimens did not suggest 
dichotomy. Hooker, aaPo had access to specimens from Mauritius, seems to 
have had shadoAAw ideas on the critical features, for his plate IV (1836) does 
not bring out the dichotomy and fails to indicate clearly the region of inser- 
tion of the fiA^^e fertile spikes. The figure of Martins (1859, pi. 9) is much 
more satisfactory, shoAAdng ten fertile spikes, all marginal except the loAvest, 
and the sterile segment twice dichotomous. Plate 7 of BoAA^er’s Studies (1896) 
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shows two |)laiits Avitli dichotomous branching’, but the author appears at the 
of Avriting not to have been impressed by the fundameiital nature of 
dichotomy in pteridophytes, for he merely mentions (p. 29) Avitli regard to 
the specimen 'dn fig. 118, four lobes of the sterile (two incompletely sepa- 
rate), and two fertile spikes.’' Clausen (1938) uses the expression ‘'pal- 
mately lobed or divided,” Avhieh of course expresses the form of many leaA’es, 
but giA^es no hint as to the real nature of the lobing. It Avill readilA’- be seen 
that unequal development of the lobes or sinuses of a tAAoee dicliotomous 
blade Avould produce the more or less palmate effect presented by the major- 
ity of specimens. That the plan of the leaf in 0. palmatum is inherently 
dichotomous is rendered probable also by the venation, Avhich is plaiiilA' 
reticulate (fig. 2), but has not departed as Avidely from the dichotomous type 
as is the case in some other species, e.g., 0. Engelniaiini Prantl. It may be 
observed from figure 2 that in 0. palniiUnm the meshes are relatively elon- 
gated, and the secondary network within the primary meshes poorh^ devel- 
oped. ObserA^ation of young plants (fig. 1) shoAvs the first leaf xuidiA'ided and 
sterile, later leaves 2-lobed and either sterile or fertile, wdiile still later leaA'es 
are more or less clearly tAvice dichotomous and fertile, Avitli an increasiug 
number of lobes and of spikes. 

As seen in transverse section, the blade of the sterile segment has a tliick- 
ness of about 0.5 mm., Avith no differentiation of a palisade. A ciitiele is 
moderately deA^loped, and small stomata are frequent on the loAver surface. 
The Amscular bundles are small and of the ordinary collateral type. 

In tlie leaf-stalk, the epidermis, Avhile only moderately thick-Avalled, is 
quite resistant to diffusion of aqueous fluids. The ground tissue is tliin- 



PiG. 2. Plan of venation in leaf of 0. palmatum. Fig. 3, Plan of venation in 0. Engel 
manni. In this species the secondary reticulum is well developed. Both x 5. 
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Availed and iindin|reiitiated, Avitli cells devoid of starch. The number of vas- 
cular strands ranges from t.Avo at the base to twelve or more further -^p. 
The eonrse of these has been clearly traced by Bower (1911, figs. 17-20) v/ho 
makes the point that the strands not only increase in number upward, but 
anastomose and form a broad C-shaped group Avith the opening directed 
adaxially. In the upper part of the petiole the group closes so as to form, a 
practically complete circular ring of bundles, although this is someAvhat flat- 
tened adaxially in agreement Avith the shape of the petiole. I have been able 
to fully verify these observations by means of series through a number of 
petioles. The bundles are collateral and for the most x>art have endarch 
xylem. Larger bundles wdth distinctly mesarch structure are also found 
(fig. 6), haAung the protoxylem nearer the adaxial side. The tracheids of the 



Pig. 4. PertiJe spikes, all but the left-hancl one abnorinal. 


metaxylem liaAu^ the same type of thickening as is found in the stem. Shortly 
before petiole merges into blade, several bundles branch off from the adaxial 
side of the ring and curve adaxially to supply the loAvest fertile spike. In 
agreement AAuth BoAA^er I fail to identify these bundles Avith the ones which 
close up the ''C’' into an because several anastomoses .have occurred 

at this position ; all that can be said is that the strands in question arise from 
the region of junction of the edges of the C, and that after their departure 
the C-f orm is resumed. 

All example of the rare eases in which there are two basal spikes in place 
of one (see pi. 22 in Bower 1911) has also been examined in a series of 
sections. The only difference from the normal is that from the adaxial group 
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of petiolar bundles seven, lying side by side, separate slip:litly into a set of 
fo^^r and one of three bundles, each of the sets supplying one of the eontigu- 
ons spikes, and leaving the petiole with a C-shaped vascular supply. Very 
rarely cases occur where the stalk in median position forks and gives rise to 
two spikes. In all the plants which have come under my observatioin the 
vascular supply of the higher spikes arises as one or more bundles from the 
margin of the C, exactly as figured by Bower (1911, figs. 17-20) . 

Since in his paper of . 1911 Bower has gone to some pains to establish the 
thesis that, with the exception of the lowest spike, ‘‘the insertion of the rest 
is usually intra-marginar ’ (p. 295) , I have examined a considerable quan- 
tity of the Florida material to test the validity of this view. The plants in 
question had been preserved in liquid, and- were cut free-hand into a series 
of sections which were mounted in glycerin. From a study of this material 
I can say that the uniform position of the upper sjiikes is marginal. It is 
necessary here to define what to my mind constitutes ‘Imargiiial/’ and I 
have no hesitation in deciding this on the basis of vascular coinuMhioii. To be 
explicit, I regard a spike as marginal when its vascular supply arises from 
the margin of the vascular system of the leaf. Bower's figures 17--20 in the 
paper of 1911 admirably illustrate the definition. If the vascular anatom.v 
cannot be relied on to settle so simple a point as this, I fail to see iniieli 
occasion for introducing anatomical evidence. For this reasoii I caiinot see 
the significance (I do not question the accuracy) of Bower’s figures 7-10, 
which are used to validate the statement (1911, p. 283) “wliatever tlie* Ans- 
eiilar connections may be, the spikes of 0. palmatum are in tlieir prime 
origin intra-marginal. ’ ’ 

As far as the mature spikes are concerned, there is a decided ad\’autage 
in having access to material preserved in liquid, for the spikes are frequently 
decurrent to a marked degree, the stalk of a spike forming a distinct ildge 
upon the surface of the leaf. In a herbarium specimen this feature is apt not 
to be apparent, and the vascular system of a spike may be inserted on that 
of the leaf at a point some millimeters beloAv the level where the stalls joins 
the surface of the petiole. In other words, the lower part of the stalk of a 
spike is in such cases fused with the petiole just as the basal part of the 
filament of a stamen may be fused with the surface of a corolla. In botii cases 

Explanation of figures 5-14 

Fig. 5. Stele of triarch root, x 100. Fig. 6. Mesareh bundle from petiole, x 240. Fig. 7. 
Nucleus of tapetal cell in metapliase. x 250. Fig. 8. Two dividing nuclei in c(41 of tapctum. 
X 250. Fig. 9. Heteroploid nucleus of tapetal cell in metapliase. x 400. Fig, lit. Aluiurmal 
mitosis of tapetal cell, x 600. Fig. 11. Incompletely divided nucleus in ta])etal cell. * 400. 
Fig. 12. Tapetal plasmodium with nuclei, also dividing sporoevtes. x 275. Fig. 15. <hmerni 
view of sporangium showing the apparent wall, tapetum with several binueh-ati^ (m41s, 
sporogenous cells in various stages in different ^ ^ blocks. ’ V x 95. Fig. 14. Diakhiesis in 
sporoeytes, X 525. 
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sucli fusion is to be regarded as a subsequent oecurrenee.^^The Florida iiiate- 
ri^al shows numerous cases where one or more of the upper spikes are inserted 
at a point at last 3 mm. inward from the edge of the leaf in the region Avliere 
leaf-stalk widens into blade; when the yaseular bundles of such spikes are 
traced downward the}" invariably join an edge of the C-shaped system of the 
petiole, which at this level has flattened out more or less. In view of the 
uniformity displayed by this preserved material, it is suggested tliat the 
specimens shown in Bower's figures 120 and 121 (1896) , having an unusually 
large number of spikes irregularly placed, may represent abnormalities. 

STRUCTURE OP THE FERTILE SPIKE 

The general features of these rather large organs (30-"40 mm. long and 
5 mm. wTde) are well known. There appears to be no constant difference 
between the spikes which, are attached in the median adaxial region and 
|hose which arise toward the margin. The number of bundles at a le\'el not 
more than 2 mm. above the point of attachment of the spike Aoiries from one 
to three in the lateral spikes, and from two to four or oeeasioiially fi\'e in 
median spikes. As the spore-bearing part of the spike is reaclied, a central 
bundle is found, with a slender bundle on each side, toward the s|)orangia. 
Numerous anastomoses occur between the bundles, and small liranclies are 
given off right and left into the spaces between the sporangia. When mature 
these organs have a diameter of ca. 1 mm., and are deeply infolded on tlie 
side toward the axis of the spike, so that their shape is distinctl.v reniforiiL 

The most extensive contributions on spore deA^elopment in tlie group lia\’e 
been made by Beer (1906), Cardiff* (1905), and Stevens (1905). 

DEVELOPMENT OP THE SPORANGIUM 

The youngest fertile spikes represented in my material liave a length of 
2-3 mm. and a diameter up to 0.4 mm. The scanty material indicates tliat tlie 
apical cell is a pyramid with four cutting faces. A short distance below tlie 
apex is a somewhat indefinite indication of four unequal quadrants in one 
or more of which a cell is seen to have cut off segments. These observations 
correspond with Bower's findings in 0 . reticulatum (1896). Apparently my 
material is too young to show the origin of the sporangiogenic bands, for 
none of the cells differ from the rest in density of the protoplasm. The next 
stage represented in the Florida material (fig. 18) shows the sporogenous 
tissue segregated into two row^s of w^ell-defined nearly sphericai groups 
having a diameter of about 0.2 mm., and sunken below the surface of the 
spike by about four layers of wall cells. In these groups the cells are miuti 
less vacuolate than are the wall cells, and hence stand out clearly. At this 
stage none of the cells can be identified as tapetal. Frequent mitoses are 
found in the sporogenous groups, which grow until they reach a diameter 
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of at least 0.25 rm|i. without further differentiation. During' this stage at 
least four successive divisions of the sporogenous cells probably occur, 
resulting in the formation of groups of sporocytes. During the growth period 
the cells vary in shape but are mostly rectangular rather than polygonal, 
are fitted tightly together, and are separated by thin but clear walls. The 
nuclei measure about 20 p in diameter, except in scattered cells in which 
divisions fail to occur and the nuclei may be over 30 p wide. As the divisions 
proceed, the Avails begin to separate, a process Avliich cannot be attributed 
altogether to shrinlvage during preparation of the material, because at this 
stage there is a marked increase in the dimensions of a sporangium, leading 
to production of a caAuty which becomes occupied by tapetal plasmodium as 
Avell as deA^eloping spores. The dividing sporogenous cells adhere to each 
other in the so-called blocks, AA^ich are said to be characteristic rather of 
Bofrychiurn, but are sometimes rather pronounced in 0. pcdniatum (fig. 
13). It is noticeable that cell-division is not simultaneous in different blocks,,, 
hence the spotty appearance of a developing sporangium. In some of the 
blocks eight regularly arrranged sporocytes may be seen, AAuth indications 
of a second layer beneath the group of eight seen in the plane of the section. 
Before the blocks entirely break up some of the sporocytes haA''e passed into 
the leptonema stage of meiosis, so that their nuclei present an entirely differ- 
ent appearance from that of the adjoining tapetal nuclei or of tlie other 
stages in deA^elopment of sporogenous cells. Certain nuclei shoAV a stage much 
resen?§bliiig a 'Meptotene bouquet''; it is regarded as possible that these 
may be the result of imperfect fixation. As the sporocytes become separated 
and float in the plasmodium, pairing of chromosomes can be made out, and 
older cells have their nuclei plainly in diakinesis (fig. 14) ; here the chromo- 
somes, usually slender as AA^ell as small, ha\"e become exceedingly short and 
stubby, and can be interpreted as tetrads. In other sporocytes (fig. 19) the 
chromosomes are seen to be disposed upon the equatorial plate, and a polar 
AueAV brings out the large number, estimated in other species to be over 100 
(BurJingame 1907; Maheshwari and Singh 1934). Division II folloAvs 
promptly upon completion of the first, and appears to be uniformly so 
inclined as to give rise to a quartet of tetrahedral spores. Cytokinesis is 
deferred until after diAusion II. Certain apparent differences in size of the 
chromosomes are probably to be interpreted as due to overlaps; the small 
size of the chromosomes lends support to such a vieAv. The mature spores 
retain the triradiate marking and haA'C a finely papillate surface. Their 
diameter is 0.05 mm. and the Avail is 3 jj in thickness. 

Tapetum, The determination of the origin of this layer presents difficul- 
ties. When first distinguishable it consists of someAvhat flattened rather 
deeply staining cells, more or less clearly in the same radial roAVS as sporog- 
enous cells; mitoses however haA^e not been observed. In later stages the 
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tapetal cells have increased in radial diameter and are distinctly more 
vacuolate than the sporogenons cells. It can then be seen that in certain cas^ 
the outer edge of the sporogenons mass of cells is uneven, a tapetal cell 
sometimes replacing a sporogenons cell (tig. 15 ) . Again, what appear to be 
sister cells as evidenced by their position in radial rows are developed 
inwardly as sporogenons cells and outwardly as tapetum (tig. 21). This may 
be taken as evidence that the tapetal cells are potentially sporogenons. The 
thickness of the tapetum is from two to three layers. In figures 13 and 15 
there is an appearance of a wall surrounding the sporangium ; this is due 
to the collapse of inner jacket cells at the time of increase in volume of the 
sporangium, previously mentioned. Part of this increase is probably due to 
changes in shape, size, and number of the tapetal cells. These changes are 
going on quite actiA^ely while the sporogenons cells are giving rise to sporo- 
cytes, as is evidenced by the rather frequent mitoses visible in the tapetal 
la.yer (fig. 7). Some of the mitoses are completed, so far as the nuclei are* 
concerned, giving rise to binucleate cells (figs. 8, 15), which are numerous 
if not indeed typical of this stage. Quadrinueleate cells also oecur (fig. 16 ) 
but are distinctly less numerous than the binucleate ones. Some of the cells 
contain a single nucleus of spherical or irregular shape, measuring 30-34 q 
in diameter instead of the 17-20 q found in other tapetal cells (fig. 15). 
These observations indicate that in such, cells the mitoses have been incom- 
plete (fig. 11) or possibly that nuclear fusions have taken place. Figure 9 
show^ a particularly broad metaphase of width over 50 q (cf. fig. 7) ; similar 
figures have been found showing the ecpiatorial plate in face view, and these 
plainly indicate that the nuclei are heteroploid. No convincing appearances 
of amitosis have been found, but abnormal mitoses (fig. 10) sufficiently 
account for the diversity in size and shape of the nuclei. Steil (1935) has 
figured many similar cases in other members of the orcter, so that it is 
unnecessary to pursue the matter further than to refer to the frequency of 
siich phenomena in our material. 

The cells are now seen to have one or more large vacuoles, while the walls, 
heretofore distinct though thin, begin to melt away. In" this way is produced 
a plasmodium which is presently seen occupying the spaces between the 

Explanation of figures 15-21 

Fig. 15. Medium stage of development of sporangium, sliowing the apparent wall, 
biiiucleate tapetal cells, and probably sterilized cells of potential sporogenons tissue, with 
normal sporoeytes. x 200. Fig. 16. Sporangium at about the same stage as ligure 15, with 
a quadrinueleate tapetal cell at left, and two binucleate cells at right, x 200. Fig. 17. 
General view of root, showing outer cortex, fungal layer, inner cortex, and part of stele 
with diarch xylem, x70. Fig. 18. Young fertile spike with sporangia not yet showing 
tapetum. x 200. Fig. 19. Dividing sporoeytes in plasmodium. Above is a metaphase, below 
this a telophase and a quartet, x 600. Fig. 20. Region of spike opposite a sporangium, 
where dehiscence takes place. ^^WalP^ of sporangium, tapetum and sporogenous cells are 
also shown, x 120. Fig. 21. Tapetal cells in radial alignment with sporogenous cells, x 200. 
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^'blocks’’ of sporocytes and later separating the individual spores (fig. 12). 
Yhe plasniodiuin shows numerous vacuoles, also nuclei of various sizes and 
shapes which persist after the spore quartets are formed. 

Shortly before the sporocytes are formed the edges of the spike sliow 
externally a series of slight depressions, one opposite each sporaiigiiim. In 
section the jacket cells are seen (fig. 20) to have divided periclinall\' in a 
more or less regular manner below each of the depressions. Later a trans- 
verse split appears at each of these points, setting free the spores. Xo otlier 
specialization connected with dehiscence can be seen. 

DISCUSSION 

Campbell (1911) came to the conclusion that in the Java material iden- 
tified a^. molticcamim Schlect. there is no true 'Xauline’’ stele, basing his 
opinion on the observation that the vascular tissues are made up entirely of 
c,leaf traces and do not receive additions from the apical tissue of tlie stem. 
More recently Maheshwari and Singh (1934) observe with, reference to 
0. fibrosum ''there is no cauline stele; it is made up entirely of leaf traces. 
They mention moreover the presence of the commissure wliicli is ])resent at 
each leaf gap also in 0. It is worthy of remark that in eacli of 

these species there is a more or less tuberous rhizome (v. Campbell 1911, fig. 
55; Maheshwari and Singh 1934, fig. 45). On tlie other hand, in the more 
slender rhizome of 0. Engelmanni Prantl, material of whieli has been kind]}’ 
supplied by Dr. E. P. St. John, I have observed a simple siphonostelO witli 
somewhat overlapping gaps from the edges of which two leaf traces airise. 
It would be possible to interpret the vascular s.vstem of tlie rhizome of 0. 
'palmaium as a congeries of leaf traces, but I prefer to follow Bower (1911, 
p. 281) in regarding the scattered condition of the stele as "a natural con- 
sequence of the parenchymatous SAvelling’’ which eliaraeterises tliis sfiedes 
as it does the other two mentioned previousCv Attention may be diau\-n to 
the overlapping of characters in the three sections of the genus, such as tin* 
double leaf trace, the commissure, the different types of stehc As tu the 
double leaf trace, which Bower (1911) considers a cliai*a(*ter in whidi 
OpModerma and Cheiroglossa differ from all other Ophioglossain^ae, it (r-mirs 
not only in 0. Engelmanni, a representative of Eiiophiogl(js,suui, but is seen 
in some of my preparations of Botrychium dissectum. Thm is empliasized 
the essential unity of the order. 

The origin of the tapetum appears to vary in the tliree genera. Bo\v'er 
(1908) sums up the situation thus: "the large sporogenoiis mass of L/J/m- 
pZnssaim throws off its superficial tissues as tapetum, . . . in tlie other t^v() 
genera the tapetum originates from the adjoining tissue’’ (p. 457). The 
observations recorded in the present paper are in agreement witli Bower’s 
statement, and add an item to the list of features in which section Cheivo- 
glossahtTVilj m. OpMoglossim. 
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Tlie shape of l^ie mature tapetal cells varies from flat in Botrychium 
to irregularly cubical or polygonal in 0. palmatum, and distinctly elongat^l 
radially in H elmintJiostachys. 

As to the later stages in development of the tapetiim, Steil (1935) was 
able by the use of satisfactory material of B. virginimium and 0. vulgaiiim 
not only to find biiiueleate cells, which were lacking in the material used by 
Burlingame (1907) and Maheshwari and Singh (1934), but to furnish evi- 
dence for deriving these from incomplete or abnormal mitosis rather than 
amitosis. It is of interest to note that the tapetum of 0. palmatiim presents 
many stages closely resembling those figured by Steil and thus bears witness 
to the unity of the order in, this regard. The presence of many tapetal nuclei 
dividing by mitosis, observed by Steil and now confirmed in the material of 
0. palmatum, goes far to dispose of the older theory which accoimted for 
polyniicleate tapetal cells by assuming amitosis. I have seen no cases in the 
Florida material that could not be explained on the basis of incomplete or* 
abnormal mitosis. 

Passing to the nature of the fertile spike, which is of course the central 
problem in the order, it would appear unnecessary to review the older 
theories, for several of these have been expressly relinquished by their sup- 
porters ; and yet these theories have a way of gaining a new lease of life as 
a result of changing points of view or of more recent discoveries, for instance 
tlie adoption by Bower (1935) of the theory proposed in 1930 by Zimmer- 
man, *fto the effect that the fertile spike represents a dorsi-ventral dichotomy 
of some ancient pteridophytic shoot. This case is the more interesting in view 
of the fact that Bower has entertained at least two other hypotheses: in 
1908, etc., the strobilar nature of the Ophioglosstim plant, and in 1926 the 
theory proposed by Eoeper in 1859 to the effect that the fertile spike in 
Boirycliium represents two fused basal pinnae. 

It will readily be perceived that these three theories have entirely dif- 
ferent starting points; for instance, what we may style the 'hlichotomy” 
view presupposes an origin for Ophioglossales quite early in the history of 
the megaphyll, while Koeper’s theory of fusion assumes that the fern leaf 
was already existent before Ophioglossales branched off from the ancestral 
stock. It is at present not possible to exclude either of these x>ossibilities, but 
it is well to bear in mind that the members of Ophioglossales wliieh best 
illustrate a possible antero-posterior dichotomy are species of Botrychium 
of small size, usually regarded as reduced forms. I refer particularly to 
certain abnormal specimens of B, simplex ITitchc. in which large sporangia 
occur in both sterile and fertile segments. These could be interpreted as 
representing dichotomy in two planes, but their vascular as well as photo- 
S 3 uithetic organs bear evidence of reduction. Other phases of this question 
are reserved for separate treatment. 
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The OpMoglossim, earlier considered priiniti);e, is now regarded 

the most advanced of the three genera, on the basis of venatioii, Taseular 
structure, and sporangia. Within the genus, those species having a single 
spike are generally regarded as typical, while 0. palmatum is aecordiiigly 
an elaborated form showing duplication or ehorisis {pleiogeny is the word 
Bower, 1911, suggests for such phenomena). It is possible, however, that 
this plant represents a form more nearly like the ancestral stock than do the 
other species, while the small species with luibranched sterile segment and 
single spike are reduced forms. Such a view is suggested though not explicitly 
stated by Eames (1936), and with this view I believe the balance of evidence 
is in accord. First, in 0. palmatum the repeated dichotomy shown in juvenile 
stages and also in many adults appears like the persistence of a A'cry ancient 
habit. fKe spikes with their truly lateral (marginal) position may represent 
specialized lobes, as was suggested in earlier papers (Chrysler 1910, 1911). 

, Second, the venation does not show the specialization found in some of the 
smaller species. In the latter a more or less pronouneed mid\nin is fre- 
quently visible in specimens which have been rendered translucent. A iiiini- 
ber of preparations illustrating this feature, also unpiiblislied results, have 
most generously been put at my disposal by Dr. E. P. St. dohn. In 0. pah 
fnatuni on the other liand no such ditferentiation of Ax^ins can be made out. 
Moreover it has already been pointed out that the network is on a simpler 
plan, more suggestive' of derivation from dichotomy, tlian is the case in some 
species of Euopkioglossum. Third, occasional eases of dieliotomy are Sound 
in the sterile segment of small species. Fourth, a reduction series starting 
with 0. palmatum duplicates the series wdiieh seems to be \'ery probable in 
the genus Botrycliium. 

Against such a seciuenee may be urged the epiphytic liabit in botli of tlie 
large-leaved sections, Ophiodernia and Cheiroglossa, Fiirther, it is true that 
the arrangement of the fertile spikes is not very suggestiw? of dieliotomc’^ ; 
much modification of the original condition is indicated, altlioiigh tlie true 
marginal position of the spikes is probably significant. It seems certain, as is 
indicated on general grounds, that before Botrychium and OphinghKs.suin 
became separate genera the habit of fusion of the two basal lobes had alr(6ul>’ 
become settled. 

Although the danger of introducing teratological evidence is admitt(aL 
it should be mentioned that the Florida material includes several spikes 
which are distinctly flattened, with a relatively broad thin lamina betwtHUi 
the two rows of sporangia. Such cases may give us a glimpse of tlie apiiear- 
ance of the ancestral fertile lobes (fig. 4) . 

Another suggestion as to the possible appearance of tlie ancestral OpJiio- 
glosstm comes from the remarkable genus Trochopteris (Bower 1926, p. 
162), sometimes included under Anemia. In the leaf of this plant the basal 
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lobes bear sporaiigiiir in the marginal position. Reealling the morphology of 
the typical Anemia leaf, TrocJiopteris may well represent the persistence 
an ancestral conditioii. The ''monangial sorus” in Schizaeaceae may be indi- 
cation of affinity with Ophioglossales, wdiile the pronoiinced dichotomy in 
Schizaea I'liarks the family as a primitive one, to which we may reasonably 
turn when seeking a parallel to the evolutionary history of Ophioglossales. 

The most recent proposal concerning the morphology of the Ophiogios- 
sales is by Troll (1933), who has extended to this group his view of the 
peltate natuhe of the leaf of certain higher plants. He considers that 0. 
niatum best of all members of the order’ illustrates the peltate structure. 
He finds a parallel in the genus Bodgersia (Saxifragaceae), whicli would 
seem to be a rather advanced group in which to seek ancestral ^atures. 
Moreover Troll admits having had no new material of Opliioglossiiin for 
study. He hazards the opinion that the cylindrical (‘‘unifaziar’) structure 
of the petiole is so fixed that it no doubt occurs in sterile fronds as well as - 
those which bear an adaxial spike. Unfortunately for the theory, my material 
has furnished an opportunity to test out this assumption, and I am in a 
position to say that in sterile leaves the Amscular system of the petiole forms 
a C but the edges fail to close in to form an 0 ; on the contrary the C opens 
out widely as soon as the rod-like petiole merges into tlie blade. It follows 
that TrolFs schematic figure (1933, p. 570), explaining the plan of the leaf 
in 0. palmatumf simply does not hold. Further, the evidence derived from 
aborfCve spikes proves nothing. This must surely be reasoning backwards,' 
and is contradicted by the evidence from juvenile plants. 

Most likely the occurrence of the strongly curved vascular system in the 
petiole of this plant is to be explained in terms of the mechanical necessities 
of a large heavy leaf, and we may interpret the C-shaped vascular system as 
a mere temporary ‘‘expedienU’ providing the necessary rigidity. If this is 
the correct interpretation we may go farther and suggest that the close 
approximation of the two edges of the C played a part in the evolution of a 
single spike in the adaxial position. The following stages are represented in 
the Florida material: (1) two basal spikes, closely approximated on the 
adaxial face of the petiole; (2) one adaxial (median) stalk which forks giv- 
ing rise to two spikes; (3) the regular single basal spike supplied by a larger 
number of bundles than is the case in lateral spikes. In all of these cases the 
insertion of the spikes is really marginal, as is indicated by the vascular 
coniiections. 

This short survey of theories leaves the writer with the idea that evidence 
for deriving Ophioglossales directly from plants which still had a primitive 
megaphyll, showing dichotomy in two planes, is still too scaiit}^ to be con- 
vincing, attractive as the general proposal appears. The evidence from 0. 
palmatiim and from more general considerations appears to favor the propo- 
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sitioii that the dorsiveiitral leaf had already appeared, rbiit tliat dicliotomy 
jrii one plane Avas still pronounced in the ancestors of tlie g'roiip. 

SUMMARY 

1. All adequate supply of suitably preserved material of OphiogUmuni 
palmaiiim L. from Florida has made it possible to fill tlie chief gaps in our 
knoAAdedge of the sporophyte. 

2. The mycorrhizal condition is restricted to the root, wliere its oeeiir- 
rence is local. 

3. The apical cell of the root has the usual tetrahedral form, four 
cutting faces. 

4. The development of spores and tapetum is traced. In the latter iiumer- 
oiis biniicleate cells and abnormal mitoses are found. 

5. The lobing of the leaf is essentially dichotomous, as is seen in jin’enile 
^ stages and in many mature individuals. 

6. Venation is of a less advanced reticulate type tlian is sliow’ii in some 
species belonging to Etiophioglossiim. 

7. The observations of BoAver concerning the ATLseiilar plan of rliizome 
and petiole are confirmed. 

8. It is held that the insertion of the fertile spilves is truly niargiiial. 
The loAvest spike usually represents the fusion of tAvo. 

9. Evidence is adduced for the vieAA^ that 0. palnwfuni is nearer the 
ancestral condition than are the smaller species. 

10. The overlapping of various features Avhich have been used to distin- 
guish the three subgenera of Opliioglossum indicates tlie essential iiiiitA^ of 
the genus. 

11. Certain current theories as to the nature of the fertile spike are 
criticized in the light of recent observations. 

Department of Botany 
Rutgers University 

Nbav Brunsaauck, New Jersey 
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THE GENUS EVERARDIA 


■ t 

Charles Gilly 
(with three figures) 

INTRODUCTION 

During' 1939, wlieii identitjing tlie specimens of Cyperaceae wliicii Mr. 
G. H. li. Tate collected on Mount Aipyan-tepui (5), I had occasion to 
examine the specimens which he brought back from earlier expeditions to 
Mount Roraima and Mount Duida. These included several unnamed speci- 
mens (numbers 469, 542, 720, 721, 800, and 816) provisionally referred to 
the geniS Everardia b.y Britton (4). 

It must be presumed, for several reasons, that Britton made only a 
.casual inspection of these specimens. In the first place, I must disagree 
with his observation that these unnamed specimens are ‘Giot in good con- 
dition’^; certainly complete vegetative portions of the plants, together with 
mature acheiies. and well-preserved anthers on almost every specimen, con- 
stitute excellent condition, especially in the Cyperaceae. Secondly, certain 
of these specimens were so different from the rest, and from the two known 
species in this genus, that the possibility of including them in. Everardia 
seemed slight. Subsequent stud.y showed that Tate 720, 721, and 800 must 
be referred to the genus Ceplialoca.rpus Nees. Tate 542 is neither an ^ver- 
ardia nor a Ceplialoearpus, although it does possess some characters of both 
genera ; neither can it be placed in the rather closely related genus Lageno- 
carpas Nees. Probably this staminate specimen represents the only collec- 
tion of an as yet undescribed genus. 

Tate 426, from Mount Roraima, identified tentatively by Britton as 
Everardia angiista N. B. Br., is distinct from that species. Tate 638, also 
from Roraima, proves to be distinct from E. montana Ridley. Tate 570, 
provisionally referred to Lagenocarpus rigidiis Nees in the Duida report 
(4), cannot be included in the genus Lagenocarpus but represents an unde- 
scribed species of Everardia, Tate 469 and 816, already mentioned, are 
conspecific and represent another undescribed species. These four new 
species, described in the present paper, together with E. longifoUa from 
Mount Auyaii-tepui (5), increase the number of species in this genus from 
two to seven. 

In regard to the publication date of the genus Everardia, I quote a self- 
explanatory paragraph, signed by the Secretary of the Linnean Society of 
London, which precedes Oliver’s paper on the im Thurii collections from 
Mt. Roraima (8) ; ‘/Note.— The following determinations and descriptions 
of new plants were expressly drawn up for publication in the ‘ Transactions 
of the Linnean Society,’ a confidential copy being given to Mr. E. F. im 

'■■'20 ■ 
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Tliiirii to lielp lii/n in writing* the foregoing Introdiiction, During the 
delai" required to prepare the accompanying Plates, Mr. im Tliiirn has takpi 
the unprecedented course of printing the whole of the unrevised draft, at 
Deinarara, in ^Tiiriehri, the Journal of the Koval Agricultural and Com- 
mercial Society of British Guiana/ voh v. pp. 145-233 (Dec. 1886), thus 
forestalling the present publication. — Sec. L. S.” Because of Mr. im 
Thumbs ^'unprecedented course/’ it seems necessary to cite the publication 
of the genus Everardia Ridley as "in im Thurn, Timehri 5: 210. Dec. 
1886” (7), despite the fact that in the Index Kewensis the Timehri citation 
is relegated to brackets and preference given to "in Oliver, Trans. Linn. 
Soc. Ser, II, 2: 287. July, 1887.” The same consideration must also 
apply to the publication and citation of the species E. niontana Ridley. 

I quote from Ridley’s generic description: "Stylus brevis, stigma hi- 
fidmn lobis brevibus planis lanceolatis. ” And from his description of the 
species E. nionicma: "Stigma breviter hifidicm lobis lanceolatis obtusis 
planis, yiolaceis. ” And, again, from his next succeeding paragraph: "This 
genus is most nearly allied to Lag enocar pits, but differs entirely from that 
genus, and from the rest of the Cryptangiae, in the lateral inflorescence, the 
hifid stigma, with short flat lobes, the absence of any cupule, and the pres- 
ence of a large number of hypogynous bristles.” (Except for the generic 
name, the italics in the preceding quotations are mine.) I do not know 
whether Ridley was merely careless in his diagnosis, or whether he happened 
to efebose, for his examination, pistillate flowers from which one of the stig- 
mas had been broken. It is sufficient to say that the remaining pistillate 
flowers on the type specimen distinctly show three stigmas, and the artist 
who made the drawings for plate 52 (8) portrayed three distinct stigmas in 
both of his delineations of the pistillate flower. I cannot agree, however, 
with either Ridley’s description or the artist’s portrayal of the shape of the 
stigmas. Ridley’s comments are quoted above; the artist has shown the 
stigmas as little more than tAvice as long as Avide, and as distinctly flattened- 
lanceolate in shape. My examination of the pistillate flowers of the four 
available specimens (the type included) of E. montana shows the stigmas 
to be linear, elongated and approximately terete, Avith, in some flowers, a 
very slight tendency tOAvard inflation at the point of their separation from 
the st 3 de proper. The stigmas of the other six species of the genus are elon- 
gate and terete. 

Examination of the achenes of the seven knoAvii species of this genus dis- 
closes that the "Setae hypogynae, copiosae, tortae” of Ridley (7), and the 
"pili h^'pogyni copiosi” of Brown (1), must be more fully explained. 
Even low magnification (x 10) shoAvs that the achenes of Everardia are 
seated in a hjq^ogynous perianth cup formed by the marginal fusion of three 
minute scales, the free upper portions of which appear to be eiliate-mar- 
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rii^'her inaji'Mifivation (x 100) sIiowB that these s(^iles are formed of 
a-siiiji'le layer of iiiri(*ellular hairs. The basal portions of these hairs are 
fused, thus forming' the ‘hscales,’' but above the area of fusion the indi- 
vidual hairs are free. The structure of these perianth scales is similar to 
those of the African gunus Microdr acoides Hua (2, 6) which may ultimately 
prove to be closely related to Everardia. 

The arrangement of the inflorescence, as described by both Ridley and 
Brown, with staminate spikelets below and pistillate spikelets above, is 
borne out by the additional five species. The spikelets of the two sexes, 
however, are not wholly segregated. Occasional pistillate spikelets may 
be found at the axiices of lower compound branchlets, or at the apex of the 
central Jbranch let arising from one or more of the lower inflorescence 
sheaths. Also, but not so frecpiently, occasional staminate spikelets are 
found on branchlets arising from the uppermost inflorescence sheaths. 

The true stem (which in most Cyperaceae is very short) elongates from 
year to ,year. This stem should perhajis be termed an aerial rhizome, for, 
as it elongates b.y growth (the plant thus gradually becoming more and 
more toip-heavy), ‘'imop roots’’ are formed along its length. These ‘^prop 
roots” force their way through the persistent leaf-sheaths which surround 
the stem and, after reaching the ground, aid in supporting the top-heavy 
plant. There seems to be no regular pattern, such as is exhibited by the 
axillary buds, for the formation of these ^^proj) roots.” 

In his description of E. angusta, Brown (1) makes the statement: 

‘ ‘ Leaves in dense tufts of 3-6, distinct from the flowering culms ...” An 
examination of the three available specimens (the type included) of E. 
angiistci and of Tate 426 from Mount Roraima explains this observation (by 
Brown). I have found that in this genus the leaves (as is typical of tlie 
entire family) are distinctly three-ranked, and that, at the j^oiiit of attach- 
ment of the bases of their closed sheaths to the aerial rhizome, a distinct 
scar which encircles the rhizome in a closed band is formed. Between each 
scar and the next above — in the axil, therefore, of each leaf — is an axillary 
bud which sometimes remains dormant, sometimes produces an inflorescence, 
and sometimes develops into a branch of the rhizome. It was, undoubtedly, 
these young and few-leaved rhizome branches which Brown observed. 
Further to add to the illusion of distinct flowering culms and fascicled 
leaves, the flowering culm of the year seems alwa.ys to be developed from 
the bud in the axil of about the sixth leaf below the growing tip of the 
rhizome. 

For suggestions and advice on this problem, I wish to thank Dr. H. A. 
Gleason; and for his kindness in lending me the types and other available 
specimens of E. angusta and E. Montana, I express my thanks to Sir Arthur 
W. Hill, Director of the Royal Botanic Gardens at Kew. 
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, TAXONOMIC TREATMENT 

Because of the discrepancies or omissions which I have already me% 
tioned, and because of certain other points which have been observed in the 
study of the additional species, it seems necessary to emend the genus Ever- 
ardia Eidley as follows : 

Eveeardia Ridley, in im Thurn, Timehri 5: 210, 1886. Perennial, 
with an ascending, simple or branched, woody aerial rhizome surrounded 
by the persistent and more or less ragged sheath-bases of old leaves. Leaves 
rigid, more or less carinate, three-ranked, but sometimes appearing many- 
ranked. Flowering culms erect, leafless, axillary, basally enclosed by a 
short membranous sheath which is usually hidden within the leaf-sheath. 
Inflorescence composed of few-numerous tufts of erect, simple, or com- 
pound branchlets arising from the axils of close-fitting leafy-pointed 
sheaths. Spikelets monoecious, solitary at the apices of the braTichlets. 
Lower portion of the inflorescence staminate or with 1-several pistillate 
spikelets at the apices of the comi^ound branchlets or the central branchlet 
of a tuft or tufts bearing a solitary pistillate spikelet. Upper portion of 
the inflorescence wholly pistillate or rarely with 1-few staminate spikelets 
accompanying the pistillate. Staminate spikelets numerous, many-flow- 
ered; empty glumes 3-8, staminiferous 4-8; stamens under each staminif- 
eroiis glume 6 (or rarel.y 4 or 8). Filaments capillary, persistent; anthers 
linear, twn-celled, the connective prolonged between the loculi into a mi- 
nute tuft of stiff hairs. Pistillate spikelets few and smaller than the stami- 
nate, 1-flowered, the ovary surrounded by 4-6 glumes. Achene from terete 
to obtusely-triangular, more or less conspicuously marked by 3 longitudinal 
car]>(!illary lines, the apex tapering into a persistent, pubescent, or glabrous, 
conical, acute or truncated beak (style base), the body of the achene gla- 
brous or jnibescent. St3de exserted, the stigmas 3, essentially terete, linear, 
elongated; style and stigmas conspicuously pubescent. Perianth cupular, 
formed by marginal fusion of 3 minute ciliate-margined scales, the scales 
frequently so reduced in size that the achene appears to be surrounded by a 
ring of hypogynous hairs ; marginal hairs straight or twisted. 

Type species : E. niontana Ridley. 

The genus Ever ardia belongs to the tribe Cryptangiae, the most closely 
related genera being CepJialocarjms and Lagenocarpus. Both Ever ardia 
and Cephalocarims have axillary flowering culms and the perianth cup of 
three fused hypogynous scales ; they may thus be distinguished readily from 
Lagenocarpits with its terminal inflorescence and lack of perianth. Ever- 
ardia is easily separable from Cephalocarpus, the latter genus having capi- 
tate-condensed inflorescences and achenes wuth clavate, persistent beaks. 
Ever ardia has 6 stamens under each staminiferous glume of the staminate 
spikelets; both Cephalocarpiis and Lagenocarpus have 2 stamens under each 
staminiferous glume. 

Although Ridle}^ published no formal dedication of the genus, the fact is 
obvious that Everardia is named in honor of Bverard Ferdinand ini Thurn 
(1852-1932), collector of the generic type specimen. 

So far as is now known, the genus Everardia is restricted to the summits 
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of Moiint Roraiiiia, Mount Duida and Mount Auyan-tepxii, but future explo- 
];|i,ti()ii will undoubtedl.y discover the present knoAvn species and/or other spe- 
cies on other inountains in the Sierra Pacaraima complex. The aeeompaiiy- 
iiig“ map (fig. 1) shows the type localities of the species in this genus. It is 
of interest to note that, thus far, not one of the seven species has been col- 
lected from more than a single mountain. 



Pig. 1. Histributioii of Everardia. 1. Mt. Roraima {E. angusta, E. gracilis, E. mon- 
tana) ; 2. Mt. Buida (E. glaucifolia, E. revoluta, E. duidae) ; 3. Mt. Aiiyan-tepiii (E. longi- 
folia). General outline of the Sierra Pacaraima complex indicated bj dotted area. 

The specimens which I have examined in the study of this genus are de- 
posited in the herbarium of the New York Botanical Garden (NY) , and in tlie 
herbarium of the Koyal Botanic Gardens at Kew (K). 

KEY TO THE SPECIES 

Leaves 4 mm. or less in width, folded for most of their length, thus appearing triangular 
in cross-section, thinly pilose on both surfaces and margins; beak of acliene conical, 
longer than body of achene, densely stiff -pubescent. 

Achene dark browm, both body and beak pubescent ; perianth scales oliovate; leaves 
2-3.5 dm. long; flowering culm, inflorescence included, 3.5-5 dm. high. 

1. E. angnsta 

Achene straw colored, the body glabrous and beak pubescent; perianth scales acute- 
triangular; leaves 0. 7-1.5 dm. long; flowering culm, inflorescence ineliuhal, 2-3 dm, 

2. K. gracilis 

Leaves more than 4 mm. in width, flattened, folded or with revolute margins (wluu] folded, 
not appearing triangular in cross-section), the margins various but the leaf-surfju'cs not 






« 


1 1 GILLY : EVERARDIA 25 

§ 

pilose; beak of aeliene conical or tmiicated-eoiiic, if longer fluni tlie ])ody of the acliene, 
tlien the beak glabrous or only minutely puberulent. , 

■fB 

FloAvering culm and inflorescence stiffly erect, considerably exceeding the leaves; 
leaves stiffly erect, the margins parallel for most of their length. 

Leaves 4-^6 mm. wide, 1.5-4 dm. long, thin, green, gla])rous, with prominent mid- 
rib; staminate spikelets 7-11 mm. long, sterile glumes broAvn, oblong, bifid at 
apices, the green midrib extended between the teeth into a mucro 1.5-2. 5 mm. 

long 3. F. longi folia 

Leaves 12-14 mm. wide, about 5 dm. long, thick, leathery, white-glaucous on both 
surfaces, the midrib obscure or almost obsolete; staminate spikelets 3.5-4 mm. 
long; sterile glumes purple-brown, broadly ovate to ovate-lanceolate, short muero- 

nate but not bifid at apices 4. E. glaucifoUa 

Flowering culm and inflorescence laxly ascending or more or less erect, scarcely 
exceeding the leaves; leaves reflexed or recurved, broadest at base and gradually 
tapering toward apices. 

Leaves conspicuousl}" revolute, appearing hollow-terete in cross-section, the mar- 
gins smooth; aehene light brown, the tricarpellary markings distinct; beak of 

achene slender, conical, half as long as body of aehene 5. E. revoluta 

Leaves folded or flattened, the margins ciliate or sliarp-scabrous; aehene dark 
brown, the tricarpellary markings faint; beak of achene conical and as long as 
aehene body or bluntly truncated-conic and equalling or shorter than acliene 
body. 

Slieaths of inflorescence glabrous except for scanty pubescence at their 
mouths; beak of achene conical; leaves 10-15 mm. wide at base, folded at 
base, sinootli and glabrous except for tlie wliite-ciliate margins; flowering 

culms stout, flattened 6. E. montana 

Sheaths of inflorescence densely minute-pubescent; beak of aehene bluntly 
^ truncated-conic; leaves 5-8 mm. wide at base, flat for entire length, upper 

surface granular-roughened, the lower smootli and glabrous, the margins 
sharp scabrous; flowering culms capillary, subterete 7. E. duidae 

1. Bverardia angusta N. B. Brown, Trans. Linn. Soc. II, 6 : 73. 1901. 
Crijiytcmgiivm stamineum N. E. Brown; Clarke, Kew Bull. Add. Ser. 8: 135, 
nomen. 1908.^ 

Aerial rhizome simple or branched, 2-3 mm. in diain., to at least 5 cm. 
long*, surrounded by the ragged, fibrous, dark brown leaf-sheaths. Leaves 
2-3.5 dm. long, 2-4 mm. wide, linear, acute, usually folded below, bicarinate 
above, appearing triangular in cross-section, more or less recurved, thinly 
pilose. Flowering culms strictly erect, flattened, slightly concave on one 
side, convex on the other, sparingly pilose to glab rate, about 1.5 mm. wide, 
including the inflorescence 3.5-5 dm. high; basal sheath 5-7 cm. long. In- 
florescence 3.5-5 dm. high; basal sheath 5-7 cm. long. Inflorescence of 4-5 
distant tufts of spikelets; sheaths dark brown, glabrous or thinly pilose, 
8-20 mm. long, the leaf -like points about one-third longer than the sheaths. 
Staminate spikelets 7-8 mm. long, 2-2.5 mm. in diam. ; sterile glumes 5-7, 
oblong, acute, mucronate, brown, thinly and minutely pubescent on the 

1 Pfeiffer (9, p. 44) states that the nomen nudum Cryptcrngiuin stramineiim [sic!] 
N. E. Br., refers to this species. In my examination of the type specimen, I find the 
crossed-out name Cryptangium, in Brown’s handwriting, above the name Everardia an- 
gusta. Following this is an erasure through which may be dimly seen ‘ ^ stamineum. ’ ’ It is 
indeed unfortunate that this clieironym was inadvertently published in Clarke’s post- 
humous Cyperaceae paper. 
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back; stainiiiiferoiis g'liimes 4-6, oblong,, obtuse; stamens.^ under each, glume 
6^, Pistillate spikelets 6 mm. long, 1.5 mm. in diam. ; glumes 5, oblong- 
lanceolate, acute, miicronate, minutely eiliate. Acliene subterete, ovoid, 
pubescent, dark brown, 2-2.5 mm. long, about 1 mm. in diam., the tricar- 
pellary markings distinct; beak persistent, long-conic, about 3 mm. long, 
densel.y covered with short, dark brown pubescence. Perianth scales obo- 
vate, about one-eighth as long as body of acliene; marginal hairs copious, 
about half as long as body of aehene. Stigmas linear, terete, dark brown. 
(Pig. 2, a, ah) 

For the sake of easier comparison between species, I have, above, ampli- 
fied Brown’s specific description. Also, I have changed his measurements 
into the metric system. 

Venezuela — ^bolivar: Mount Roraima, summit, autumn 1898, McCon- 
nell (& Q^jelch 676 (type) (K) ; 2500 m., Jan., 1910, E. Tile 8539 (K) ; sum- 
mit, Nov. 26, 1927, G. H, H. Tate 435 (NY). 

2. Everardia gracilis Gilly, sp. nov. Rhizomata breviora, ramosa, 2 mm. 
diam. minusve, vaginis persistentibus atro-brunneis lacerato-fibratis tecta; 
folia 0.7-1. 5 dm. longa, 2-4 mm. lata, linearia acuta bicarinata pilosa; culmi 
floriferi cum inflorescentia 2-3 dm. alti ; vagina ad basim 2-3 cm. longa ; spi- 
culae rnasculae 6.5 mm. longae, 1.5-2 mm. diam. ; spiculae foemineae 5 mm. 
longae, 1.5 mm. diam., glumae 5; achaenia subteretia ovoidea glabra stra- 
miiiea, 2.5-3 mm. longa, 1 mm. diam.; rostro pubescente, 3.5 mm. longo; 
squamellae hypogynae triangulares quam corpus achaenii 6-plo breviores ; 
stigmata linearia teretia pallido-brunnea. 

Aerial rhizome short, 2 mm. or less in diam., branched, surrounded and 
hidden by the persistent, ragged-fibrous, dark-brown leaf -sheaths. Leaves 
0.7-1. 5 dm. long, 2-4 mm. wide, linear, acute, folded below, strongly bieari- 
nate above, appearing triangular in cross-section, more or less recurved, 
thinly pilose on margins and midrib. Flowering culms stiffly erect, sub- 
terete, sparingly pilose to glabrate, 1-1.5 mm. in diam., including the in- 
florescence 2-3 dm. high; basal sheath 2-3 cm. long. Inflorescence of 5 
tufts of spikelets; sheaths dark brown, densely appressed-pubescent to 
glabrous, 5-18 mm. long, the leaf-like point as long as the sheath. Stami- 
nate spikelets 6.5 mm. long, 1.5-2 mm. in diam. ; sterile glumes 4, oblaneeo- 
late, acute and mucronate, brown, thinly pubescent or glabrous; staminif- 
erous glumes 4, oblong, rounded at apex; stamens under each glume 6. 
Pistillate spikelets 5 mm. long, 1.5 mm. in diam. ; glumes 5, narrowly lanceo- 
late, acute, minutely eiliate on the margins. Achenes sub-terete, ovoid, 
glabrous, straw-colored, shining, 2.5-3 mm. long, 1 mm. in diam., tipped by 
persistent beak about 3.5 mm. long, tricarpellary markings distinct; beak 
densely covered with crisp, golden-brown pubescence. Perianth scales eqiii- 
laterally triangular, one-sixth as long as body of aehene; marginal hairs 
rather scanty, about half as long as body of aehene. Stigmas linear, terete, 
light brown. (Fig. 2, Z?, b".) 

Venezuela— BOLIVAR : Mt. Roraima, summit, Nov. 26, 1927, G, II. II. 
Tate 426 (type) 

3. Everardia LONGiFOLiA Gilly, in Gleason & Killip, Brittonia 3: 153. 
1939. Aerial rhizome simple, about 4 mm. in diam., surrounded by the per- 
sistent, dark brown, fibrous-reticulated leaf -sheaths. Leaves 1.5-4 dm. long, 
4-6 mm. wide, stiffly erect, thin, green, glabrous, flattened for most of their 
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len^'tli, not folded heloY^, the upper oiie-third or less bicariiiate, marg'ins and 
midrib iiiiniitely scabrous. Flowering culms stiffly erect, soinewiiat fla^ 
tened. two-edged but not winged, slightly scabrous on the edges, 2-4 mm. 
wide, ineluding the inflorescence 3.5-8 dm. high; basal sheath 2-3.5 cm. long. 
Inflorescence of 5 or more distant tufts of spikelets ; sheaths brown, strongly- 
veined, glabrous, distinctly flattened and two-edged, 10-15 mm. long, the 
leaf-like points twice the length of the sheaths. Staminate spikelets 7-11 
mm. long, 1.5-2. 5 mm. in diam. ; sterile glumes 5-7, brownish, oblong, 
obscurely 2-toothed at the apex, the green midrib extended between the 
teeth into a inucro 1. 5-2.5 mm. long, glabrous except for sparse short-pubes- 
cence 0.11 upper margins and mucro; stamiiiiferous glumes 4-5, lanceolate, 
acute to inueronate ; stamens under each glume 6. Pistillate spikelets, which 
would be in the upper part of the inflorescence, not present owing to the con- 
dition of the specimens. Achene, therefore, unknown. (Pig. 2, c.) 

Venezuela — bolivar : Mt. Auyan-tepui, 2200 ni., Dec. 1937, G , E : H . Tate 
1347 (type) (NY). 

4. Everardia glaucifolia Gilly, sp. nov. Rliizomata breviora, simplieia, 

4- 6 mm. diam., vaginis persistentibus iiigro-brunneis fibro-laceratis tecta; 
folia ad 5 dm. loiiga, 12-14 mm. lata, crassa coriacea albo-glauceseentia 
erecta, margine suiieriore revoluto ; culini floriferi cum inflorescentia erecti, 
7. 5-9. 5 dm. alti; vagina ad basim 2-3 cm. longa; spiculae inasculae 3.5-4 
mm. loiigae, 1.5 nim. diam., gluinis vacuis 6-7, ovatis vel ovato-laneeolatis, 
ad apieem breviter mucronatis nec bifldis, glabris, gluinis fertilibus 4-5, 
ovatis vel late laiiceolatis acutis vel sub-truncatis ; spiculae foemineae 2.5- 
3.5 nim. loiigae, 1-1.5 mm. diam., gluinis 5-7 ; achaenia subteretia ovoidea 
glabra atro-brunnea, 2.5 mm. longa, 1.5 mm. cliam. ; rostro glabro truncato, 
corpifs achaenii subaequante; squamellae hypogynae subrotmidae, quam 
corpus achaenii lO-plo breviores, pilis quam lamina diiplo longioribus tortis ; 
stigmata atro-brulnnea minute pubescentia. 

Aerial rhizome very short, simple, 4-6 mm. in diam., surrounded by the 
persistent black-brown fibrous-ragged leaf -sheaths. Leaves about 5 dm. 
long, 12-14 mm. wide, thick, leathery, white-glaucous on both surfaces, 
stiffly erect, folded below, margins strong^’' revolute above, inargins and 
mid-rib smooth, glabrous. Flowering culms stiffly erect, flattened, two- 
edged but not winged, glabrous or slightly roughened on the edges, includ- 
ing the inflorescence 7.5-9. 5 dm. high ; basal sheath 2-3 cm. long. Inflores- 
cence of 7-10 distant tufts of spikelets ; sheaths of the inflorescence terete, 
minutely appressed-pubesceiit on the prominent veins, brown or purple, 

5- 20 mm. long, the leaf-like points as long as the sheaths. Staminate spike- 
lets 3.5-4 mm. long, 1.5 mm. in diam., numerous; sterile glumes 6-7, purple- 
brown, broadly ovate to ovate-lanceolate, short mucronate, not bifid at the 
apex, glabrous or nearly so; staminiferous glumes 4-5, ovate to broadly 
lanceolate, acute or sub-truncate, brownish with narrow, erose hyaline mar- 
gins; stamens under each glume 6. Pistillate spikelets 2. 5-3. 5 mm. long, 
1-1.5 mm. in diam. ; glumes 5-7, broadly ovate-lanceolate, short mucronate, 
brown-purple with narrow erose hyaline margins. Achene subterete, ovoid, 
glabrous, dark brown, about 2.5 mm. long, 1 mm. in diam., tipped by a per- 
sistent, glabrous, truncated beak about as long as the body of the achene, 
the tricarpellary markings scarcely distinct. Perianth scales siibrotund, 
one-tenth as long as the body of the achene, marginal hairs about twice as 
long as the scales, copious, twisted. Stigmas capillary, terete, dark brown, 
minutely pubescent. (Fig. 2, d, cZfl) 
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Venezuela — territorio amazonas: Mt. Duida, ridge jiortliwest of Vegas 
.prook, 4400 ft., Jan. 1-4, 1929, G. H, H. Tate 570 (type) (NY). 

5. Everardia revoluta Gilly, sp. nov. Ehizomata simplieia, 5 iiiiii. diani., 
ad 10 em. alta, vagiiiis persisteiitibns confertis atro-purpiireo-bruiiiieis 
rigidis eoriaeeis nee laeeratis tecta; folia 1.5-3 dm. longa, ad 6-8 mm. lata 



Fig. 2. Everardia (habit sketches 15 natural size ; achenes x 10). E. niujuxtata X. E 
Br.; a, habit, a', achene (drawn from Tate 435), E, gracUis Gilly; haliit adieiie 
(drawn from Tate 436), E. longifoUa Gilly; c, habit, (drawn from Talc 1347 ). E. gJauei- 
/oZm Gilly; d, habit, d', achene (drawn from Tate 570). 
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ad basim, eoriaeea glabra, margine giabro inferne eoiiiplanato supra 
mediuiii valde revoliita; cnlmi floriferi laxe adscendeiites vel ereeti, cui’§ 
iiifioreseeiitia 2-3.5 dm. alti; vagina ad basim 1 cm. longa; spiciilae riiasculae 
4—5 mm. loiigae, 1 mm. diam. ; spiciilae foemiiieae 3-3.5 mm. loiigae, 1 mm. 
diam., gliimis 5, lanceolatis miicronatis glabris; acliaenia teretia glabra pal- 
]ide briinnea, 2-3 mm. longa, 0.6-1 mm. diam., rostro gracili giabro, qiiam 
corpus acliaenii dimidio breviori; sqnamellae liypogynae miniitae orbicii- 
lares, pilis copiosis tortis ciliatis ; stigmata pallide brunnea. 

Aerial rhizome simple, 5 mm. in diam., to at least 10 cm. high, sur- 
rounded by persistent, crowded, dark purple-brown, hrm and coriaceous 
leaf -sheaths. Leaves 1.5-3 dm. long, about 6-8 mm. wide at the base, 
gradually tapering to the apex, leathery, flattened below, entirely glabrous, 
the margins smooth, entire, strongly revolute above the middle, the leaf 
appearing hollow-terete in cross-section. Flowering culms laxly ascending 
to erect, flattened, two-edged but not winged, 1.5-2 mm. wide, giSbrous, 
including the inflorescence 2-3.5 dm. high; basal sheath about 1 cm. long, 
entirely hidden b}" the leaf-sheaths. Inflorescence of 5-8 tufts of spikelets ; 
sheatlis brown, glabrous, 5-20 mm. long, the leaf-like points slightly shorter 
than the sheaths. Staminate spikelets 4-5 mm. long, 1 mni. in diam., sterile 
glumes 4, lanceolate, mucronate, glabrous, light brown ; staminiferous 
glumes 4-6, oblong, from acute to obtuse, margins minutely ciliate ; stamens 
under each glume 6. Pistillate spikelets 3-3.5 mm. long, 1 mm. in diam. ; 
glumes 5, lanceolate, mucronate, the midribs prominent, glabrous. Achenes 
terete, glabrous, light brown, tapering to both ends, 2-3 mm. long, 0.7-1 
mm. ill diam., tipped by the slender glabrous beak half as long as the body 
of the achene, the tricarpellary markings distinct. Perianth scales, minute, 
orbioular, the marginal hairs two-thirds as long as the body of the achene, 
copious, twisted. Stigmas linear, terete, long-exserted, light brown. (Pig. 
3, e, ch) 

Venezuela — territorio amazonas: Mount Diiida, crest of ridge 25, 6300 
ft., Nov. 26— Dec. 16, 1929, Cl H. H. Tate 4.69 (type) (NY) ; Gorge of the 
Cano Negro, Savanna Hills, 4000 ft., 1928-1929, G. PI. H, Tate 816 (NY). 

In addition to emending the generic description, and for much the same 
reasons, it has seemed necessary to emend the following species : 

6. E\U]rardia MONTANA Ridley, in im Thurn, Timehri 5: 210. 1886. 
Aerial rhizome simple, about 1 cm. in diam., surrounded by the persistent, 
dark brown, reticulate-fibrous leaf-sheaths. Leaves 1.5-1. 8 dm. long, 10-15 
mm, wide at base, tapering gradualh" to the apex, folded below, margins 
slightly revolute above, leathery, glabrous except for the shortl.y white-ciliate 
margins. Flowering culms laxly ascending or sub-erect, flattened, more or 
less concave on one side, slightly winged, the wings minutely ciliate, 2-3 mm. 
wide, including the inflorescence 2-2.5 dm. high; basal sheath 3-3.5 cm. long. 
Inflorescence of 7-8 tufts of spikelets ; sheaths of the inflorescence dark 
brown, somewhat compressed, from minutely pubescent to glabrate, 5-20 mm. 
long, the leaf -like points slightly shorter than the sheaths. Staminate spike- 
lets 5-7 mm. long, about 2 mm. in diam. ; sterile glumes 3-4, brown, strongly 
veined, ovate-lanceolate, glabrous, short-mucronate, sometimes minutely bifid 
at the apices ; staminiferous glumes 5-7, lanceolate, aeute or truncate, some- 
times minutely mucronulate, the margins minutely ciliate ; stamens under 
each glume 6. Pistillate spikelets 4-5 mm. long, 1-1.5 mm. in diam. ; 
glumes 5-6, lanceolate, purple-brown, from acute to more or less mucronate. 
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liabit^ aclieiie (drawn from Tate 469). E. moniana Ridley; /, aolione (dianMi 

from Tate 438). E. duidae Gillj; g, liabit, g% aclieiie (drawn from Tafe 638). 

Acliene ovoid, dark brown, the tricarpellarv markings faint, 2-3 itiiii. long, 
1-2 mm. in diam., glabrous, tipped b.y a slender, glabrous, light broA^’n beak 
half again as long as the body of the aehene. Perianth scales very minute, 
orbicular or truncate; marginal cilia copious, appearing as a hypogynous 
ring of hairs, twisted, as long as or longer than the body of the aeheiie. 
Stigmas 3, linear, from sub-terete to terete, somewhat inflated at tiieir junc- 
tion with the stvle proper, dark purple-brown, minutelv pubescent. (Fin. 

Venezuela — bolivar: Mt. Koraima, the Ledge, Dec., 1884, E. F. /m 
Thurn 335 (type) (K) ; summit, 8600 ft., autumn 1898, McCoggell <& 
Quelch 674 (K) ; 2500 m., Dec., 1909, E. Tile 8543, (K) ; summit, Xov. 27, 
1927, G. E. H. Tate 438 (NY) . 

7. Everardia duidae Gilly, sp. nov. Ehizomata siniplicia, 2-4 mm. diam., 
ad 10 cm. alta, vaginis nigro-brunneis lacerato-fibratis tecta ; folia 1-1.4 dm. 
longa, ad basim 5-8 mni. lata, infra glabra, supra granulato-asperata, mar- 
gine arguto scabro ; eiilmi floriferi laxe adscendentes, cuin iidloresceiitibus 
ad 1.5 dm. alti; vagina ad basim 1.5-2 cm. longa; vaginae infloresi'cntiae mi- 
nute cano-pubeseentes ; spiculae maseulae ad 4 mm. longae, 1-1.5 mm. diam., 
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gliimis vaciiis 4-6, ovatis A^el lanceolatis miieronatis supra mediiiin iiiiiiute- 
pubeseeiitibus, gliimis stamiiiibus 5-8, lanceolatis aeiitis glabris; s])iciila| 
foemineae 3 imii. loiigae, 1-1.5 min. diam., g-liiniis 5-6; aebaeiiia glabra 
atro-briiniiea, 1.2-1. 7 iiim. longa, 0.5 mm. diam. ; rostro glabro triincato, 
corpus acbaenii siibaeqiiante ; squamellae hypogvnae miniitae orbiciilares, 
ciliis paucis, qiiani corpore acbaenii dimidio brevioribiis. 

Aerial rhizome simple, 2-4 mm. in diam., to at least 10 cm. tall, sur- 
rounded by blackish, ragged-fibrous leaf-sheaths. Leaves 1-1.4 dm. long, 
5-8 mm. wide at the base, tapering gradually to the apex, glabrous on the 
under surface, granular-roughened above, flat for most of their length, 
slightly bicarinate at apex, margins sharp-scabrous, almost saw-edged. 
Flowering culms laxly ascending, flattened, densely appressed-pubescent, 
about 0.5 mm. wide, including inflorescence about 1.5 dm. high; basal 
sheath 1.5-2 cm. long. Inflorescence of 5-6 tufts of spikelets; slieaths of 
the inflorescence dark-brown, minutely hoaiT-X)ubeseent, 4-10 mii?. long, 
the leaf -like points as long as the sheaths. Staminate spikelets about 4 mm. 
long, 1-1.5 mm. in diam. ; sterile glumes 4-6, from ovate to broadly lanceo- 
late, mucronate, minutely pubescent above the middle ; stamiiiiferoiis glumes 
5-8, lanceolate, acute, glabrous; stamens under eacli glume 4-8. Pistillate 
spikelets 3 mm. long, 1-1.5 mm. in diam., the glumes 5-6, ovate to lanceo- 
late, mucronate, minutely pubescent to glabrate. Achene 1.2-1. 7 mm. long, 

0. 5. mm. in diam., glabrous, dark brown, tapering into a blunt-truiicated 
beak about as long as the body of the achene; beak glabrous, or sometimes 
minutely puberulent at the apex. Tricarpellary markings faint. Perianth 
scales minute, orbicular ; marginal hairs few, about one-half as long as the 
body of the achene, straight or somewhat twisted. Stigmas linear, dark 
browM. (Pig. 3, g, g',) 

Venezuela — territorio amazonas : Mt. Duida, summit of peak 7, 7100 
ft., 1928-1929, G, H. H. Tate 638 (type) (NY). 

The New York Botanical Garden, 

New York, New York 
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STUDIES ON AMERICAN HEPATICAE— I. REVISION OF THE 
GENUS THYSANANTHUS 

Margaret Fulpord 
(with fifty-one figures) 

Three species of Thysananthiis^ a genus of the subgroup Holostipae of 
the Lejeuneae, have been reported from the Americas and a fourth is here 
proposed as new. Spruce^ has described several species under Lejeunea, 
subgenus VIII, Thysano-Lejeunea, namely L. amazonica from the Amazon 
country, L. clissopiera from Guiana, and L. pi erohry aides from Ecuador. In 
additioji to these, Nees von Esenbeck- described a plant from Jamaica as 
Pliragmicoma Lehmannianay which Stephani later transferred, to Thysanan- 
thAis. Verdoorii'^ suggested that this plant was a Caudalejeunea. An examina- 
tion of a portion of the type material shows that it is identical with Caudede- 
■jeunea Lelimaw^^ (Gottsche) Evans^ and it should therefore be reduced 
to synonymy. Taylor"^ described plants collected in Ecuador by Professor W. 
Jameson under the name Tkysananihus mexica/nus. His plants do not have 
the characteristics of the genus Thysana/nihits as it has been delimited by 
recent monographers so that the species is a member of some other genus of 
the Lejeuneae. 

The genus® as understood by Evans,' V erdoorn,® and others may be char- 
acterized as follows : the female inflorescence is terminal on the main sfein or 
principal branch, with innovations proceeding from one or both sides below ; 
the perianth is 3-angled in transverse section, with the ventral keel sharp 
and distinct; there are no secondary folds or ridges; carinal and surface 
wings are developed in some species ; the female bracts and bracteoles, and 
the keels of the perianth are toothed to a greater or lesser degree ; and the 
leaves and underJeaves usually show some indications of teeth along tlie mar- 
gins, particularly in the apical region. 

The plants are large and grow in depressed mats or among other bryo- 
phytes on the trunks and bases of trees and over logs. The stem is robust and 

1 Ilepaticae of the Amazon and xAndes. Trans. Bot. Soc. (Edinburgli) 15: 105-110. 
1884. 

2 In Gottsche, Lindenberg & Nees von Esenbeck, Syn. Hep. 302. 1845. 

3 Die Frullaniaceis XY. Die Lejeuneaeeae Holostipae der Indonialaja unter Be- 
rucksiehtigung samtlieher ans xAsien, Australien, Neii-seeland und Oze;inien angefulirten 
Arten. XIII. Thysanantlius. Ann. Bryol. Supl. 4: 163-188. 1934. 

4 Hepaticae of Puerto Bieo VIII. Caudale jeunea. Bull. Torre j Club 34: 554-557 
pi. 33. fig. 1-12. (1907.) 1908. 

5 0n some new Musci collected by Professor W. Jameson on Piehindia. Hooker ’s 
Jour. Bot. 7: 187-199. 1848. 

6 For synonymy in the genus Thysananthus see Yerdoorn, 1. c. 

7Hepaticae of Puerto Rico VIII. SymMes!idium, Marchemiia, MtLAif/nlrJcnnra, 
Caudalejeunea md Bryopteris. Bull. Torrey Club 34: 533-568. pi. 31 -Ad. ( 1907 .) lOos. 
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is differentiated into a prostrate primary caiidex wliieli is appressed to the 
substratum, and ascending or upright secondary stems which are usualh^ 
abundantly branched. The branches are olive or dark green and often become 
deeply pigmented with brown. 

Evans^ describes the secondary stem of T. ainazonicus as being 3-8 cm. 
ill length and about 0.15 mm. in diameter. The transverse section shows a 
uniform orange-brown pigmentation except for the slightly darker middle 
lamellae. The cortex is made up of 30-33 rows of thick-walled cells ranging 
from 10 to 20 p in ividth, and from 10 to 15 jj in thickness. The cells of the 
medulla are quite similar, except thaf they have distinct].v larger cell-cavi- 
ties, so that the medulla appears someAvhat more open than the cortex. 

The branching of the subdoral innovations, other vegetath^e brcyiehes, 
and the male branches seem always to be of the Baduki type.'^ 

The lobule is small in proportion to the lobe. The keel is rounded and the 
upper edge, which is entire, tends to be tightly appressed to the lobe, so that 
a definite, inflated water-sac is usually formed. The apical tooth is from one 
to seven cells long and may be curved. 

Although the genus, as indicated by the stem structure, is clearly a 
member of the Holostipae, which are characterized by entire underleaves, 
several species have refuse or distinetty bifid underleaves. Three of the Amer- 
ican species show this characteristic. The additional generic characteristics 
are discussed under the descriptions of the separate species. 

The writer wishes to acknowledge the helpful criticism of Dr. A. W. 
Evans of Yale University, and the courtesies extended by the New York 
Botanical Clardeii during the preparation of this paper. 

The following abbreviations have been used to designate the location of 
specimens in the citations under the individual species : M, Missouri Botan- 
ical Garden; NY, Ne’w York Botanical Garden; and Y, Herbarium, of Yale 
University, including the private collection of Dr. A. W. Evans. 


KEY TO THE SPECIES 

1. ITiiderleaves obovate, rarely truncate, tl:ie apical margin serrate 4. T. comosus 

1. ITnderleaves snbquadrate-cuneate, from refuse to deeply bifid. 

2. Lobule oblong, tlie tooth if present of only one or a few cells ; 

leaf cells elliptical-angular in outline 3. T. afnasonicus 


2. Lobule more or less subquadrate, the tooth long, curved, of 5-7 
cells; leaf cells quadrate in outline; underleaves distinctly 
bifid. 

3. Margins of the leaves and underleaves dentate wj-tli coarse 

teeth 2. T. pterobryoicles 

3. Margins of the leaves and underleaves from obscurely den- 
tate to denticulate 1. T.Evansii 

8 Anatomy of the stem in the Lejeuneae. Bull. Torrey Club 62: 187-214 ; 259-280. 
<§ fig. 1935. 

» For a description of the various types of branching see Evans, Branching in the 
Leafy Hepaticae. Ann. Bot. 26: 1-37. id 1912. 
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Thysananthus Evansii Fiilford, sp. nov. Caules robiisti, olivaeei, piimate 
Cainosi, feiiiiniiii dichotomi; folia imbricata, divaricata, ovata, 1-1.3 inin. 
loiig*a, siipeme obscure serrata, cellulis 8-lOpi diam., lobiiio parvo, dente 
apieali loiigo; foliola imbrieata, subquadrato-cuiieata, bifida; flores dioici; 
bracteae femininae foliosae, lobulis inagiiis, planis, ovatis, bracteola inagTia, 
ovata, earinala, erasse dentata. 

Plants robust, olive-green, becoming darker green in the older portions : 
secondary stems stout, to 4 cm. or more in length, with leaves to 2 mm. broad, 
ascending, irregularly pinnate, the branches oblicpiely spreading, the female 
branch s,ystem showing apparently regular dichotomy : leaf insertion curved 
in the upper part ; the leaves imbricated, spreading, becoming a little deflexed 
when dry, unsymmetrically ovate, 1-1.3 mm. long, 0.5 mm. broad at the base, 
obseurel.y serrate above the middle, the dorsal base cordate, the ventral mar- 
gin straight; the lobule small, inflated, ovate, 0.12 mm. long, 0.1 nmi. high, 
the free margin entire, appressed, the apical region of the lobe 8-10 q in 
diameter, cells of the base much longer, a vitta not differentiated, the cell 
walls uniformly thickened, the cell lumina rounded, trigones not evident, the 



stem, dorsal view, x 30. PiG. 4. A leaf, x30. Pig. 5. A cell from tlie api('al ]»ortion of a 
leaf, x400. Pig. 6 . Outline of the apical margin of a leaf, x 300. Pig. 7. Lo})ijl(‘.s, ouo of 
them has developed two apical teeth, x90. Fig. 8. Apical teeth of lobules, > 4(10.' Pig. 0. 
Underleaves, x 30. Pig. 10. Outline of the apical margin of a tootli of an lUKhu-h'af, ■ 30 o. 
Pig. 11. Female bract, x 30. Pig. 12. Female bracteole, x 30. Drawn from tin* tvpc mati-ria!* 
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cuticle smooth to faiiitlv verruciilose : underleaves imbricated, attached in a 
straigiit line, subquadrate-euneate, 0.7 mm. long, 0.5-0. 6 mm, broad in tii^ 
upper part, retuse or bifid to one-fifth the length, the broad and pointed divi- 
sions and the obtuse to lunulate sinus serrate, the lateral margins convex, 
entire, the cells as in the leaf : dioicous : female branches short, on tlie main 
stem or branches, always subtended by two subfloral innovations, a pair of 
leaves below the involucre intermediate in form between the bracts and the 
normal leaves ; the bracts leaf-like in outline, 1 mm. or more long, the mar- 
gins often more strongly serrate than in the leaf, tlie lobule ovate, mueli en- 
larged, plane, mostly 0.7 mm. long, the apical tooth not evident ; the brac- 
teoles broadly ovate, 1.3 mm. or more long, the margin coarsely dentate, the 
apex obscureh" bifid, keeled nearly to the apex, the angle broad: male 
branches, perianths and sporophytes not seen. 

Habitat : On bark of trees, lowland forests. ^ 

Distribution : British Honduras : Punta Gorda, without collector ’s name, 
TYPE (M). 

The distinguisliing characteristics of the species are its olive-green color 
and diehotomousl,v branched female sterns; the long, ciirAud tooth of the 
lobule of the leaf ; the bifid underleaves serrate above the middle ; and the 
long, keeled, more or less bifid, dentate, female bracteoles. See figures 1-12. 

Thysananthus pterobryoides (Spruce) Stephani, Spec. Hep. 4: 786. 
1912. Lejeunea (Thysano-Lejeimea) pter()hry()ides Spruce, Trans. & Proc. 
Bot. Soc. Edi]:ib. 15: 109. 1884. Bryopteris Wallmi Stephani, Hedwigia 24: 
89. pi. fig. 1-8. 1885. Thysanolejeimea pterohnj aides Stephani (svii.), 
Spec.liep. 4: 786. 1912. 

Plants olive green, becoming darker green in the older portions: sec- 
ondary stems to 8 cm. or more in length, wdth leaves 2 mm. broad, ascend- 
ing, more or less regularly and simply pinnate when sterile, inflorescenees 
produced on primary branches of pinnate branch systems; leaf insertion 
curved in the upper part ; the leaves imbricated, spreading, becoming a little 
defiexed when dry, 1-1.3 mm. long, 0.4r-0.6 mm. broad at the base, unsym- 
inetrically ovate, coarsely dentate above the middle, the dorsal base cordate, 
extending across the stem and beyond, the ventral margin more or less re- 
curved, entire, the lobule inflated, ovate, 0.7-0.12 mm. long, 1. 8-0.1 mm. high, 
the free margin appressed, entire, the apical tooth five to seven cells long, 
curved, the sinus deep, lumulate ; the cells of the lobe aA^eraging 8-10 p in 
diameter, those of the basal area longer, a vitta not differentiated, the cell 
Avails uniformly thickened, the cell lumiiia rounded, trigones not ev^ident: 
iinderleaA^es imbricated, attached in a straight line, coarsely dentate, sub- 
quadrate-euneate, 0.56-0.7 mm. long, 0.5-0.63 mm. broad in the upper part, 
bifid to one-fourth the length, the sinus lunulate, the teeth broad, acute, the 
cells as in the leaf: dioicous: female branches short, ahvays Avith two sub- 
floral innovations, a pair of leaves beloAV the inAnlucre intermediate in form 
betAA^een the bracts and normal leaves; bracts leaf-like in outline, to 1.3 mm. 
or more long, the lobule lanceolate, plane, more than half the length of the 
lobe, the apical tooth not eAudent, the lobe and lobule coarsely dentate above 
the middle ; the bracteole oblong, to 1.5 mm. in length, bifid and coarsely 
toothed aboA' e the middle as in the underleaf, keeled nearly to the apex, the 
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ans'le acute : perianth to 2.5 mm. long;, the keels sharp, erenulate, oeeasionally 
strrate, the beak short : male branches and sporophides not seen. 

Habitat : On bark of trees in forests. 

Distribution: Costa Eica: San Jose, Lehmann, cited by Stephani.^'^' Pan- 
ama: I.sland of Coiba, Seetnmn (Y, NY). Colombia: Cordoba, Killip 11776, 
11801 (Y, NY) ; without locality, Wallace (NY). Ecuador: Pastaza Paver, 
Spruce 1885, 109; Manabi, Wallis, cited by Stephani (1885, 89), type of 
Bryopteris Wallisn. 

The distinguishing characteristics of the speeie.s are its olii'e-greeu color, 
the simply and regularly pinnate branching, the long apical tootli of the 



Pigs. 13-27. T. pterodryoides (Spruce) Stepli. Fig. 13. Diagram ot‘ braiieliiiig ])ai- 
terii of a sterile stem. Pig. 14. Diagram of the braneliiixg pattern of a femnle stem. Fig. 
15. Portion of a plant, ventral view, ,x 15. Pig. 16. A leaf, x30. Fig. 17. OuHim* of the 
apical margin of a leaf, x 300. Pig. 18. A cell from the apical portion of a leaf, 4(Ki. 
Pig. 19. Cells from the basal portion of a leaf, x 300. Pig. 20. A lobule, x 90. Pkj. 21. A a 
apical tooth of a lobule, x400. Pig. 22. Underleaves, x 30. Fig. 23. Outline of tlu‘ apical 
margin of a tooth of an underleaf, x300. Pig. 24. Female bract, x30. Fn;. 25. Femaio 
bracteole, x 30. Pig. 26. Upper portion of a perianth, dorsal view, x 30. Pjg. 27. Upper 
portion of a perianth, ventral view, x 30. Drawn from material collected by Dr. Killip in 
Colombia. 


10 In Cryptogainae Oentrali-Americanae. Hepaticae. Bull. Herb. Boiss. 2: 402-403. 
1894. 
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lobole of the leaf, the bifid underleaves, and the coarsely dentate margins of" 
the leainis and nnderleaves. See figures 13-27. 

T. pterohryoides and T. Evansii have many characters in eonimon, namely 
the color and. size of the plants, the size of the leaves and nnderleaves, the 
size and shape of the leaf cells, the lobules of the leaves, and the prodiietion 
of pairs of subfioral innovations subtending the female inflorescences. They 
differ in that in T. pterobryoides the secondary stems are often very long, 
the branching is simply and regularly pinnate, and the female inflorescences 
are produced on primary' branches of a pinnate branch system, while in 
Evansii the branches are less regxdarly pinnate and not so long, and the 
female plants alwa^^s show an apparently regular dichotomy. (Compare figs. 
13, 14 with fig. 1.) ^ 

The margins of the leaves and nnderleaves, and. the female bracts and 
braeteoles of the two are strikingly different. (Compare figs. 15, 16, 17, 22-25 
with figs. 2, 4, 6, 9, 10-12.) The sliape of tlie female bracts is (jiiite similar in 
the two species, but the braeteoles of T. Evansii are broadly ovate and the 
angle of the keel is broad, while in T. pterobryoides the braeteoles are oblong 
and the angle of the keel is acute. Unfortunately no perianths have been 
found in T. Evansii, so that a comparison of this structure in the two species 
cannot be made at this time. 

Not only do T. pterobryoides and T. Evansii have many characteristics 
in common but they also make up a unit within tlie genus which is different 
not Only from tlie other South American forms but also from any of the 
Asiatic species with which I am familiar. All the otlier species have a deep 
brown pigmentation and have large leaf cells wliieli are more or less elongate 
and hexagonal or angular-elliptical in outline, with conspicuous trigones, 
and often additional intermediate thickenings. 

Thysananthus AMAzoNicus (Spruce) Stephani, Spec. Hep. 4: 784. 1912. 
Lejetinea (ThysanchLejeimea) amazoniea Spruce, Trans. Bot. Soe. Edinb. 
15: 106. 1884. Tliysanolejeunea aniazonica Stephani (syn.) l.c. 

Plants dark greenish browui, becoming very dark brown in the older por- 
tions ; secondar.y stems coarse, 6 cm. or more in length, with leaves to 3 inni. 
broad, irregularly pinnate, the branches oblique, often branched, female 
branches with only one subfioral innovation: leaf insertion curved in the 
upper parts ; the leaves imbricated, spreading, tightly appressed to the stem 
when dry, averaging 1.4-1. 6 mm. long, 0.8 mm. broad at the base, unsym- 
metrically ovate, entire except for an oeeasional serration, the dorsal base 
cordate, covering the stem and extending beyond, the ventral margin entire, 
recurved ; the lobule small, inflated, oblong in outline, 0.3-0.42 mm. long, 0.15 
mm. high, the free margin entire, appressed, the apical tooth sometimes evi- 
dent, of one or two cells, the slime papilla not seen, the sinus shallow^, lunulate ; 
cells of the marginal and apical region and of the lobule 16-20 q x 8 q, those 
of the base longer, a vitta not differentiated, the cell W'alls thin, the trigones 
conspicuous, with convex sides, soon becoming confluent through the deposi- 
tion of secondary material, intermediate thickening frequent, the cell liimina 
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aiigtilar-obloiig in outline, the cuticle smooth to verriiculose : nnderleaves im- 
l^’icated, attached in a straight line, ciineate, retnse to shortly bifid, aver- 
aging 0.77 mm. long, 0.7 mm. broad in the upper part, the teeth very short 
and broad, the sinus shallow, lunulate, the margins entire, sometimes ob- 
scurely serrate on nnderleaves near the tip of the stem, the cells as in the 
leaf : autoicoiis : male inflorescences terminal on short lateral branches, the 
bracts in two to four pairs, at the tip of a branch, imbricated, the lobe broadly 
ovate, the lobule ovate, smaller, the apical tooth conspicuous, the margins 
sparselA" dentate ; the bracteoles imbricated, similar to the underleaves ; an- 
theridia in pairs : female branches short, occurring singly or several approxi- 



Figs. 28-40. T. amazonicus (Spruce) Stepli. Fig. 28. Diagram of brniicliing pattoru 
of a stem. Fig. 29. Portion of a plant, ventral view, x 15. Fig. 30. Portion of tlie apical 
margin of a leaf, x 30. Fig. 31. A cell from the apical portion of a leaf, 4Gn, Fig. .32. 
Cells from the basal portion of a leaf, x 300. Fig. 33. Lobule, x 90. Via. 34. Lobules, 30.* 
Fig. 35. Fnderleayes, xl5. Fig. 36. Female bract, x 15. Fig. 37. Fcjunle bracteole,’ xl5. 
Fig. 38. Outline of a cross section of the perianth. Fig. 39. Upper portion of a periuntb, 
dorsal view, x 30. Fig. 40. Upper portion of a perianth, ventral view, x 30. Drawn froni 
type material. 
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mate, appeariiig lateral, a subfloral innoAuition from only one side, the braets 
similar in outline to the leaves, averaging 2 mm. long, the lobule oblong^^ 
ovate, plane, 0.8 mm. long, the margins of both coarsely toothed in the ii])pef 
part ; the braeteole oblong, bifid, 1.6 nim. or more in length, averaging 0.9 
mm. broad in the upper part, the teeth broad, acute, the sinus aeute. the 
margins of the teeth serrate and coarsely dentate: perianth to 2 mm. long, 
the beak short, the keels serrate and dentate with scattered teeth : sporophyte 
not seen. 

Habitat : On bark of trees in forests. 

Distribution: Trinidad: Mora Forest, E. G. Britton 2878 (Y, NY) ; with- 
out locality, Fendler (NY). Colombia : AYithout locality, Wier (NY) . Brazil : 
Para, Spruce, Hepat. Sprue., type (Y, NY). British Guiana: near Bartica, 
Rickards 188^ 510 (Y). 

The distinguishing characteristics of the species are the large, coarse, 
irregularly branched, dark greenish brown stems; the large, ovate, entire 
leaves with oblong lobules which have a l-S-celled apical tooth; the long- 
angular cell lumina, large trigones and intermediate thickenings; and the 
large cuneate underleaves which are retuse or somewhat bifid at the apices. 
See figures 28-40. 

T. arna.zonicus is readily distinguished from the preceding species because 
of its autoicous inflorescence, the deep brown pigmentation, the entire mar- 
gins of the leaves and underleaves, the short apical tooth of the lobule, and 
the angular-oblong outline of the leaf cells. 

Tiiysananthus comosus Lindenberg, in Lehmann Pug. PL 8: 25. 1844. 
Lejeunea coniosa Mitten, Jour. Linn. Soc. Bot. 5: 109. 186i. Lejeunea (Thy- 
sario-Lejeunea) comosa Spruce, Trans. Bot. Soc. Bdinb. 15: 108. 1884. Thy- 
saManthus dissopteriis Stephani, Spec. Hep. 4: 784. 1912. Tkysanolejeimea 
dissoptera Stephani (syn.) l.c. 

Plants dark greenish brown, becoming very dark brown in the older por- 
tions ; steins coarse, 5 cm. or more in length, with leaves to 2.5 mm. broad, 
irregularly pinnate or bipinnate, microphylious branches frequent, female 
branches with only one subfloral innovation : leaf insertion curved in the 
upper part; the leaves imbricated, s^ireadiiig, ascending and appressed to 
the stem when dry, averaging 1.4 mm. long, 0.85 mm. broad at the base, un- 
symmetricall.y ovate, entire except for an occasional serration, the dorsal base 
cordate, covering the stem and extending beyond, the A^entral margin entire, 
recurved: the lobule small, inflated, ovate in outline, 0. 3-0.4 mm. long, 0.2 
mm. high, the free margin entire, appressed, the apical tooth one to several 
cells long, the inner (proximal) tooth sometimes evident, of one or two cells, 
the sinus very shallow ; cells of the lobule and the margin and apical regions 
averaging 20 q long, 12 q wide, those of the base longer, a vitta not differen- 
tiated, the cell walls thin, the trigone conspicuous, with convex sides, often 
becoming coalesced, intermediate thickenings frequent, the cell lumina an- 
gular-oblong in outline, the cuticle smooth or faintly verruciilose : under- 
leaves imbricated, attached in a straight line, obovate to cuneate, averaging 
0.7 mm. long, 0.7 mm. broad in the upper part, the margin serrate, the cells 
as in the leaf: autoiceous (?) or dioicous: female branches short, occurring 
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siiiglY, Avith one siibfloral iiniovation, thus appearing lateral, the brcuOs sinii- 
Jar in outline to the leaves, aA^eraging 1.3 mm. long, the A^entral margin den- 
tate, the lobule large, 0.85 mm. long, plane, more or less obovate, obs(nn*ely 
bifid, the margins dentate; the bracteole euneate, similar to the undeHeaf, 
0.9-1. 2 mm. long, the margins serrate and coarsely dentate: the periantli 
mostly 1.5 mm. long, the beak short, the keels densely set with large irregu- 
larly tooth laciniae, the dorsal face smooth, the ventral faces each Avith one 
or more groups (in one or tAVO roAA^s) of laciniae similar to those of the keels : 
male branches and sporophytes not seen. 

Habitat : On bark of trees in forests. 

Distribution: Guiana: Hb. Hooker, (Y, NY). Brazil: Tauaii, Spruee 
(NY). Also in the Indo-Malayan Eegion. 

The distinguishing characteristics of the species are its robust liabit, dark 
color, the nearly entire leaA^es, and small lobules Avith a short apical tooth ; 
the long-angular cell iumina and conspicuous trigones; the obovate under- 
leaves serrate along the upper margins; and the laciniate wings of tlie ])eri- 
anth. See figures 41-51. 

T. amazofiicus and T. comosus are very similar in many respects, nainelA', 
size of plant, groAAdh habit, and, in a general Avay, the shape of tlie leaf and of 
the leaf cells. The underleaves of T. com.osus, when well deA’eloped, are 
obovate with a serrate margin (figs. 43, 48), while in T. amazonicus (figs. 29, 
35), although they are more or less obovate, the apical region is distinctly 
retuse or more or less 2-toothed. The apical margin is serrate to a greater or 
lesser degree. 

An additional striking distinction is to be found in the parts of the female 
involucres of the two species. The bracts of T. aynazonicus are dentate at tlie 
apices, and the lobules are long, narroAV, and eonspieuously bifid AA’itli tlie 
margins occasionally toothed in the upper part (fig. 36), AA'hile tliose of T, 
comosus are dentate along the ventral margins, and the lobules are long, 
ovate, obscurely bifid, Avith the margins coarsely dentate to the base (fig. 
49). The bracteoles of T . amazonicus are oblong, bifid, and coarsely dentate 
in the upper part, Avhile those of T. comosus are euneate, and from serrate 
to dentate throughout. (Compare figs. 37 and 50.) The laciniat<- wiim.s on 
the keels of the perianths of T, comosus will immediately distingiii.sh that 
species from T. amazonicus, in Avhich the perianth keels are onh’- .s[)ariiii»dv 
dentate (figs. 39-40, 51). * 

The leaves and underleaves in the vicinity of the female hi-anCms and 
sometimes at the tips of the stems are usually more strongly toothtal than 
elseAvhere on the plant. When toothed leaves occur in the region of tin* 
female branches they are intermediate in form betAveen ordinary leaA'es and 
the bracts and bracteoles. 

All the South American material examined was dioicons. Spruce de- 
scribes the South American material (under Thysmio-Lejcmu a dhsoptera) 
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Figs. 41-51. T. casinos Linclenb. Fig. 41. Diagram of braiicliiiig pattern of a sterile 
steiiL Fig. 42. Diagram of branching pattern of a female j)laiit. Fig. 43. Portion of a 
plant, ventral view, x 15. Fig. 44. A leaf, x 30. Fig. 45. A cell from the apical portion 
of a leaf, x 400. Fig, 46. Cells from the basal portion of a leaf, x 300. Fig. 47. Lolnile, 
X 30. Fig. 48. Underleaf, x 30. Fig. 49. Female bract, x 15. Pig. 50. Female bracteole, x 30. 
Fig. 51. Ventral faces of a xierianth, x 30. Drawn from tlie original corieetion from Guiana. 

as ^^dioica (0^’; Stepliani^^ describes both T. dissoi)terits and T. comosus 
as Ihlioicous, ’’ while Verdoorn^s description^^ states that the species is 
^hisiially inonoicons. ’’ The portion of the type material from Paulo-Penang* 
which I examined had maii}^ well developed perianths but I could find no 
male branches. 

There has been some difference of opinion as to whether the South Amer- 
ican plants were aetually T. comosus^ a species widesp>read in Indo-Mala^m. 
Lindenberg in the original description cited plants in Paulo Penang, iibi 
legit cel. Wallich, also ‘^in Guiana lectam accepi ab illiistr. Hooker.’’ 
Sprnce^-^ considered this interpretation to be incorrect and separated the 



11 Spec. Hep. 4: 784, 787. 1912. 

12 Verdoorii, op. cit. p. 176. 

13 Trans. Bot. Soe. Ecliiib. 15: 107-109. 1885. 
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Soiitli Aineriean plants from the ''composite species/' T, coniosus, and 
galled the South American x>lants Lejeunea (Thysano-Lejeunea) dissoptera. 
He also described the material from Paulo Penang, retaining for it the spe- 
cific epithet comosus. On. the other hand, Mitten considered the two to be 
identical. Stephani's comments-^ concerning the Guiana material are 
obscure, for he saws (discussing T. comosus), that only Nos. 85 and 86 rep- 
resent the true species, moreover the American No. 84 is very similar. Ver- 
doorn^'’ has followed Lindenberg in considering the South American and 
the Asiatic material identical. In my observations of a portion, of the type 
materi al f rom both Guiana and Paulo-Penang in the Mitten col lection I 
have not been able, to discover any variations of sufficient degree and uni- 
formity by which the two could be separated. The two seem to be identical. 
Except for the original material from Guiana, I have seen only one other 
collection from South America, one made by Spruce at Taiiau, Brazil. 
Spruce makes no mention of this collection in his "Hepaticae of the Amazon 
and Andes. " 

Department of Botany, 

University op Cincinnati. 


Hepaticae Indiae Orientalis. Jour. Liim. Soc. Bot. 5: 89-128. 

15 Die Gattung Lejeunea iin Herbarium Lindenberg. Hedwigia 29: 1-23, 1890. 
i« Verdoorn, op. cit. 175. 



NEW RUSTS FROM AMERICA AND AFRICA^ 

George B. Cummins^ 

(with seven figures) 

Puccinia makenensis Cummins, sp. iiov. (Fig*. 3.) Pycniis non visis. 
Aeciis li.ypopliylIis, in maeulis fiavidis non vel leniter iiicrassatiilis 1-5 mm. 
diam. aggregatis vel plus minusve sparsis, cupulatis, 0.2-0.25 mm. diam. ; 
eellulis peridii angulariter globoideis vel ellipsoideis vel polyliedricis, 
14-20 X 16-26 p, pariete interiore verrucoso 3-3.5 p er., exteriore striato 
4-5 p er. ; aeeiosporae globoideae A^el ellipsoideae, 13-17 x 17-20 p ; membrana 
liyalina, 0. 5-1.0 g cr., minuteque verrueulosa. Urediis nullis. Teliis amplii- 
genis vel plerumque epipliyllis, irregulariter aggregatis, rotundatis vekelon- 
gatis, usque ad 1.5 mm. longis, atro-brunneis, subepidermalibus, plus 
minusve indeliiseentibus, loculatis, parapliysibus brunneis eoalitis niimero- 
sis; teliosporae variabiles sed plerumque elavatae, ad apieem rotundatae, 
attenuatae vel obtusae, deorsum attenuatae, medio leniter constrictae, 19-27 
X (40-)48-66(~75) g; membrana 1.5-2.5 g cr., ad apieem 3-8 g er., eastaneo- 
brunnea, levi; pedicello persistenti, sporam aequante, flavido. 

On Blepliaris l)oerhaaviaefoli^^^ {'maderasi^atem^^^ Makene, Sierra Leone, 
Jan. 28, 1939, F. C. Deighton 1741. type in. the Arthur Herbarium and in 
tlie Herbarium of the Imperial Myeologieal Institute. 

The aecia and teliospores are similar to those described for Puccinia 
hlepharidis P. Henn., although the teliospores are somewhat longer, but the 
loculate, paraphysate telia of P. makenensis are distinctive. It is probable 
that Aecidium Mephariclis Pat. & Har., which occurs on the same host, is 
sy.nonymous with P. makenensis. 


Puccinia multiloculata Cummins, sp. nov. (Pig. 1.) Pycnia epiplndla, 
subepidermalia, globosa, 100-150 g diam. ; perpauca vel frequenter non visa. 
Aecia hypophylla, subepidermalia, dense aggregata in maeulis 1-2 mm. 
diam., breviter cupiilata, 0.15-0.25 mm. diam. ; eellulis peridii rhomboideis 
vel oblongo-ellipsoideis, 14-20 x 23-30 g, pariete interiore verrucoso 2.5-3 g 
cr., exteriore striato 4-5 g cr. ; aeeiosporae globoideae, 13-16 x 15-18 g ; meni- 
brana hyalina, 0.5 g cr., sublevi. Uredia ignota, verissimiliter nulla. Telia 
petiolieola, elongata, usque ad 7 mm. longa, atra, subepidermalia, indehis- 
centibus, loeulata, parapliysibus numerosis brunneis eoalitis ; teliosporae 
(rarius 2-septatae) elavatae vel cylindraceae, ad apieem rotundatae, trun- 
eatae vel attenuatae, ad basim attenuatae, medio leniter constrictae, 13-19 x 
36-62 g ; membrana pallide eastaneo- vel aureo-brunnea, 1.5 g cr., ad apieem 
3-6 g cr., levi; pedicello persistent!, sporam aequante, intense brunneolo. 

On Thnribergia cynanchi folia, Segbwema, Sierra Leone, Dee. 11, 1937, 

1 Coiitri]3iitioii from the Department of Botany, Purdue University Agricultural 
Experiment Station, Lafayette, Indiana. 

' 2 I am indebted to Dr. G. R. Bisby, Imperial Myeologieal Institute, Kew, England, 
Mr. H. E. Parks, Trinidad, Calif., and Dr. John A. Stevenson, Bureau of Plant Industry, 
Washington, I). C., who made available for study certain of the specimens reported here. 
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F. C. Deighton 1460. type in. the Arthur Herbarium and the Herbarium of 
the Imperial Mycologieal Institute. 

This species is distinct from other species of Puccinia on TIi unbergia 
because of tlie loculate, paraphysate telia. The pedicel of the teliospores is 
usually darker tliaii the base of the spore. It is doubtful, judging from de- 
scriptions, if the aecia are distinguishable from those of P. iJuDibergiae 
Cooke and P. tandaaiensis Hopkins. Only one telial group was seen but the 
telia are probably not alwa^^s coniiiied to the petioles. 

Puccinia paroselae Cummins, sp. nov. (Pig. 2.) Urediis hypophyllis vel 
caulicolis, subepidermalibus, sparsis, rotundatis vel oblongis, 0.4-1. 2 mm. 
longis, cinnamomeis ; urediosporae obovoideae, ellipsoideae vel late ellip- 
soideue, 15-20 x 20-29 (-33) p; membrana 1.5 p cr., cinnamomea, minutecpie 
echiiiulata, poris germ. 3 vel 4, aequatorialibus vel plus minusve sj)arsis. 
Teliosporae in iiredia ellipsoideae vel oblongo-ellipsoideae, iitrinque ro- 


^ Fio. 1. Photograph of a free-hand, unstained section of the loculate teliiim of Fuc- 
oinia imMiloeulata, showing the abundant development of the brown parapliyses and the 
concolorous, subjacent, stroma-like tissue, x 240. 

Fio. 2. Two teliospores of Puecmia paroselae; note that the pore of the upper cell 
is approximately apical while that of the lower cell is near the short, fragile iiedicel 
x 800 .,' ■ , , 

Fig. 3. Photograph of a free-hand, unstained section of the telium of Fxccinia 
showung the brown parapliyses which divide the sorus into locules. x 240. 
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tiiiidatae vel ad basini leiiiter atteniiatae, medio loiiilei' consiri(-UK\ 21-25 x 
35-42 (-45) p ; inembraiia 2-2.5 p cr., pallide eastaneo- vel ai!re()-})riiniiea, 
iiiiimteqiie verrucosa; poro siiperiore apicali vel siibapicali, iid'eriore infra 
inediuiii loeuliini sito ; pedicello byaliiio, frag'ili, brevissiino. 

On Parosela moll is, roadside in Santa Rosa Canyon, Riverside Co., Calif., 
]feb., 1940, II . E, Parks & Marvin Jordan 6430. type in the Artliiir lier- 
baidiini. 

According to the relationship of the host one would expect this rust to 
belong in the genus IJropyxis but the presence of only a single germ pore 
in eacli cell of the teliospore excludes it from that genus. 

Puccinia puritanica Cummins, sp. nov. (Fig. 4.) IJrediis liypopliyllis, 
subepidermalibus, sparsis, rotundatis vel oblongis, 0.3-0. 8 min. longis, pallide 
einnaniomeis ; urediosporae late ellipsoideae, ellipsoideae vel obovoideae, 
16-20 X 20-25 p ; membrana 1.5 p er., pallide cinnamomea, miniiteque echinu- 
lata ; poris germ. 2, superaequatorialibus. Teliis eonformibus ; teliosporae 
elavatae A^el oblongae, ad apieem rotundatae, deorsum atteniiatae, medio 
coiistrictae, 12-17 x 25-37 (-40) p; membrana 1-1.5 p cr., ad apieem 1—8 p, 
flavida vel pallide aureo-brunnea, levi; jiedieello liyalino, sporam sub- 
aequante vel breviori. Statim germ. 

On Carei' pennsylvanica, YOaltham, Mass., Oct. 1, 1910, A. B. Seymour 
10. TYPE ill the Arthur Herbarium and in the Mycoiogical Collections of the 
Bureau, of Plant Industry, U. S. Department of Agrieulture. 

The iirediospores of this rust are indistinguishable from those of Puccinia 
extensicola Plowr. or of Uromyces perigynius Halst. Telia of the latter spe- 
cies are also present in this specimen and, while some of the iiredia may 
belong with them, sectioning proved that the nearly colorless teliospores of 
P. puritan ica occur in the uredia as well as in separate sori. The similarity 
of the uredia of the two species, the close association of the two kinds of 
telia and the fact that the two-eelled teliospores germinate at once lead to 
the speculation that perhaps a single species was present, with the Uromyces 
spores representing the resting stage. Such a life c^xde would be unique but 
possibly could occur. liowever, numerous sections of the telia failed to reveal 
mixture of the one- and two-celled teliospores. 

The relationship of P. puritanica is uncertain. ‘While the iirediospores 
are like those of P. extensicola the teliospores show no similarity but are near 
those of the Philippine species, P. constat a Syd. 

Uromyces ictericus Cummins, sp. nov. (Fig. 5.) Pyeniis igiiotis. Aeciis 
epiphyllis, subepidermalibus, aggregatis in maculis pallidis 2-4 mm. diain., 
apericiiatis, poro apertis; aeciosporae catenulatae, globoideae, ellipsoideae 
vel oblongo-ellipsoideae, 16-23 x 20-30 jj ; membrana 1-1.5 g cr., hyaliiia vel 
pallide flavida, verrucosa. Urediis nullis. Teliis liypopliyllis, siibepider- 
malibus, aggregatis, rotundatis, oblongis vel eonfluentibus, pulvinatis, ciii- 
namomeis ybI flavidis; teliosporae late ellipsoideae, ovoideae vel obovoideae, 
15-20 X 20-30 q ; membrana 1.5-2 p cr., ad apieem 3-5 p cr., flavidula vel 
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hyaliua, ]e\-i; pedicello persistenti, hyalino, sporain aeqiiante vel loiigiore.^ 
On Irt’siiic ce?a.sa/, Afjuas Ainarg'as, Quezalteiiango, Gauteiiiala, Jan. 30, 
Of)17, E. "iV'. D. Holway 803, type; Solola, Guatemala, Jan. 28, 1915, Holway 
141. Type in the Arthur Herbarium. 

These collections have pl•e^■iously been assigned to TJromyces iresines 
Lagerh., a South American species which has similar aecia but larger (23- 
30x27— 10 p) aeeiospores Avith thicker walls {1.5-2.5 p) and OAmid, larger 
teliospores (18-24 x 33-44 (-47) p). The teliospores are similar to those of 
Urmnyces clarm Jacks & Hohv., a species possessing uredia with striate 
urediospores. 



Fig. 4. Two teliospores of Fuceinia inirUanica. x 650. 

Fig. 5. Two teliospores of Vromyces ictericus, a Guatemalan species previously eon- 
fused witli the South American Z7. iresines Lagerli. x 650. 

Fig. 6. Two teliospores of Vro.myces necopinus, a species previously included in the 
deinicyelic TJ. affinis Wint. x 650. 

Fig. 7. Teliospores of Ypsilospora hapMae, a rust in which the teliospores are liorne 
in laterally free pairs on a common pedicel, x 650. 

Uromyces necopinus Cummins, sp. iiov. (Fig*. 6.) Urediis ineertis; 
urediosporae obovoideae vel late ellipsoideae, 17-20 x 20-29 jj ; membrana 
cinnaniomeo-brunnea, 1.5 p er., miniiteqiie echiniilata ; poris g'erm. 3, aeqiia- 
torialibus. Teliis ampliigenis, snbepidermalibus, sparsis vel plus miniisve 
aggregatis; rotuiidatis, 0.2-0.5 mm. diam., piilvi.iiatis, einnamomeis ; telio- 
sporae ovoideae, ellipsoideae vel oblongae, 10-18 x 25-36 q ; membrana 1™ 
1.5 p er., ad apicem 5-7 p er., pallide aureo-brmiiiea v^el flavida, levi; pedi- 
cello persistenti, hyalino, sporam aeqnante vel loiigiore. 

On Hypoxis hirsiita, vicinity of Lake Katrine, Ulster Co., N. Y., Aug. 
17, 1916, P. Wilson 402, type ; Norwich, Conn:, Aug. 17, 1889, W. A. Setcheil. 
Type in the Arthur Herbarium. 

TJromyces necopinus has been confused with U, affinis Wint. from which 
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it is readily separable because of its smooth teliospores. 

Jackson (Mycologia 18 : 157. 1926) has pointed out tliat IJredo hypoxidis 
(Bres.) P. Plenn. should not be considered as synoiijnnous with IL affixiis. 
U. affinis was originally described as lacking uredia and there is no present 
eAddence to contradict this. In fact, Demetrio’s original collection is the only 
specimen in the Arthur Herbarium. 

Ypsilospora Cummins, gen. nov, (Pucciniaceae.) PATuiia siibeutieularia, 
liemispheriea A^el conoidea. Aecia et uredia nulla vel adhiie ignota. Telia sub- 
epidermalia; teliosporae unicellulares inter se liberae, binae in apice pedi- 
eello coinmuni natae, hyalinae vel subhyalinae, statini gerniinantes ad apiceni 
in pronrycelium typicum elongatae. 

TYPE SPECIES : Ypsilospora haphiae. 

.tm 

Ypsilospora baphiae Cummins, sp. nov. (Fig. 7.) Pycnia siibeutieularia, 
hemisphaerica A^el conica, maculis incrassatulis usque ad 7 mm. diam. occu- 
pantibus. Aecia et uredia nulla. Telia subepidermalia, plus minusve pro- 
fuiide immersa., ainphigena, inter pycnia sparsa, rotundata, 0.15-0.25 mm. 
diam. xel confluentibus, flavida; teliosporae eylindraceae vel oblongo-ellip- 
soideae, 11-15 x 34-50 jj ; membraiia hyalina, 1 q cr. vel ad apicem 2 q er., 
levi ; pedicello liyalino, persistent! vel fragili, sporae aequante vel breAUore. 

On Baphia niikla, Maboma, Sierra Leone, Nov. 5, 1939, F. C. Deighion 
2138. TYPE in the Arthur Herbarium and in the Herbarium of the Imperial 
Myeological Institute. 

This interesting microcyelie rust has 1-celled teliospores borne in pairs 
at the apex of a common pedicel. The pedicels disjoin from the sorus, the 
mature spores are pushed upward by the development of .younger spores 
below and aceumulate above the sorus. The arrangement of tivo teliospores 
upon a common pedicel is similar to that which characterizes the teliospores 
of Sphenospora^ except that here the two spores liai'e no common wall. It 
should be noted that the teliospores of Sphenospora copaiferae (P. Henn.) 
Syd. are described (Monogr. Ured. 4 : 584. 1924) as ‘C . . am Septum meist 
ziemlich tief eingeschiiurt. ...” Copaifera is likewise a genus of the Legu- 
minosae and the tivo rusts may prove to be closely related. 

Uredo aspiliae-latifoliae Cummins, sp. nov. Uredia iivp()ph.vlla, siibepi- 
dermalia, rotundata, 0.2-0.4 mm. diam., pulveruleiita, einnamomea; peri- 
physibus inconspieuis, cylindraceis vel ampullaceis, 8-14 x 30-50 |,i, meni> 
branis Iq cr., ad apicem 1.5-3 q cr., pallide brunneis; urediosporae ellip- 
soideae, obovoideae vel globoideae, 17-23 x 19-27 q ; membrana 1.5 q er., 
cinnamomeo-briinnea, moderate echinulata ; poris germ. 2, aeqiiatorialibus. 

On Aspilia latifolia, Kenema, Sierra Leone, Dee. 5, 1937, F. C. Deighton 
1505. TYPE ill the Arthur Herbarium and in the Herbarium of the Imperial 
Myeological Institute. 

This species differs from previously described rusts on Aspilia by the 
presence of paraphyses in the uredia. 
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Aecidium brideliae-micranthae Cummins, sp. nov. Pyeiiia epi];)livd.la, 
siibepidermalia, ^‘lobosa, 120-150 p diam., parapliysata. Aeeia liypopliylla, 
siihopidernialia, dense ag'gTegata in inaciilis atro-brunneis iiscpie ad 15 min. 
diani., fla\dda, brcA'iter eupulata, 0.15-0.2 mm. diarn. ; eelliilis peridii fragilis, 
plus minusve isodiametricis, 15-20 p diam., minuteque verrueidosis ; aeeio- 
sporae globoideae, 10-15 p diam. ; inembrana 0.5 p er., Ipyalina, iniiuiteque 
veiTueulosa. 

On Bridelia micrantha, Ngeleliun, Sierra Leone, Apr. 19, 1940, F. (J. 
Deighton 2269. type in the Arthur Herbarium and in the Herbarium of the 
Imperial M\'Cological Institute. 

Aecidium cynanchi Cummins, sp. nov. Pyeniis epiphyllis, glolxisis, SO- 
HO p diani., subepidermalibus, paucis. Aeeiis hypophyllis, laxe aggregatis 
in maeulis pallidis usque ad 12 mm. diam., cupulatis, margine revoluto; 
eellulP peridii angulariter globoso vel oblongo, 14—20 x 19-25 p ; pariete in- 
teriore verrueoso 3 p er., exteriore levi 2 p ; aeeiosporae globoideae vel ellip- 
soideae, 12-17 x 14-18 p ; membrana 1 p er. hyalina, minuteque verriiculosa. 

On Cynanchimi manni, Nganyahun, Sierra Leone, Apr. 19, 1940, F. C. 
D eight cm 2270. type in the Arthur Herbarium and in the Herbarium of tlie 
Imperial Mycologieal Institute. 

Aecidium leonense Cummins, sp. nov. Pyenia non visa. Aeeia caulicola, 
iibique aequaliter denseque distributa, totani superfieiem oecu].)antia, sub- 
epidermalia, breviter eupulata, 0.2-0. 3 mm. diam. ; celiulis peridii plus 
minusve laxe eonjunctis, rhomboideis, 13-16 x 15-19 p, pariete interiore 
moderate verrueoso 3 p er., exteriore 3-3.5 p er. leAd ; aeeiosporae globoideae 
vel oblato-sphaeroideae, 11-16 x 11-15 p ; membrana hyalina, 1 p er., niinute> 
que verruculosa. 

On Dioscorea sp., Sembehun, Sierra Leone, Apr. 26, 1940, F. C. Deighton 
2282. TYPE in the Arthur Herbarium and in the Herbarium of the Imperial 
M.ycologieal Institute. 

Notes by the collector of this systemic rust are as follows: ‘‘Causing a 
witch-broom with thickening of the attacked stems. Prom appearance, very 
possibly a perennial rust.’’ 

The Arthur Herbarium, 

Purdue ITniversity Aoricultural Experiment Station. 



STUDIES IN THE FAMILY WORONINACEAE— I. DISCUSSION 
OF A NEW SPECIES INCLUDING A CONSIDERATION 
OF THE GENERA PSEUDOLPIDIUM 
AND OLPIDIOPSIS 

D. A. McLarty 
(WITI-I twenty-six figures ) 

INTRODUCTION 

The g'eiius Olpkliopsis was established by Cornu in 1872 to inelude five 
species Avhich lie found parasitizing* various members of the Saprolegniales. 
For three of these species Cornu described thick- walled resting spores with 
one or several attached empty cells which he assumed were antheridia. 
Although he did not mention it specifically as a generic character, this 
^'cellule adjacenteC’ which Cornu observed in only three of his five species, 
came to be regarded as the distinguishing character of the genus. In 1878 
Reinseh observed the passage of the contents of the smaller into the larger 
thallus, and since that time the resting spores of Olpidiopsis have been gen- 
erally considered to arise as the result of definite sexual fusions. 

A few years later, however, Fischer (1880) failed to observe antheridial 
cells in what he considered to be 0. Saprolegniae. Accordingly in 1882 he 
rejected the adjacent celF’ character as diagnostic for the genus and 
restricted Olpidiopsis to species which produce asexual resting spores. Sub- 
sequent studies, however, convinced Fischer that his earlier observations 
had been incorrect, and in 1892 he restored the genus to its original status 
and established a second genus, PseAidolpid/iiim^ to inelude OlpidiopsisA.ik.Q 
species with asexual resting spores. In his genus Fischer included P. Sapro- 
legniae and P. f usiforme, for which he described resting spores, and four 
additional very dubious species for which no resting spores were observed. 

Since the time of Fischer no critical work has been done on the species 
wliicli he observed but many new species of Olpidiopsis and Pseudolpidium 
have been described, and generic distinctions have been made solely upon 
the basis of the presence or absence of antheridial cells attached to the rest- 
ing spores. Species of these two genera have repeatedly been reported as 
occurring simultaneously in the cells of various hosts, although there is no 
record of the individual species, in such eases, having been isolated in pure 
cultures. In SAvollen filaments of AcMya flagelkita which appeared to be 
infected with several species, the author (1939) immediately recognized P. 
Saprolegniae a, lid P. fusiforme. In addition spherical, thick-walled resting 
spores, similar to the type described by Butler (1907) for certain Pseiul- 
olpidhmi species, were observed with oeeasional Olpidiopsis resting spores. 
It was found at once, however, that the spiny bodies which Fischer described 

49 



50 


BULLETIN OF THE TORRE Y CLUB 


[VOL. 68 


as resting* spores are notliing more tlian tliin-walled ^oosporangia wliicli 
liberate zoospores directly without becoming dormant. It was tlius obvious 
that Fisclier’s genus Fseiidolpidiuvn^ based on the niisiiiterpretation of these 
sporangia, is no longer valid. This viewpoint has been confirmed by the sub- 
sequent discovery of similar spiny sporangia in 0. vexa/ns, 0. f iisiforniiSy 0. 
varians, and 0. Saprolegniae by Shanor (1939). 

When monospore cultures were established, the author (1939) found, 
however, that he was not dealing with several organisms but with a single 
species which produces smooth and spiny zoosporangia and forms thiek- 
wailed resting spores with or without attached antheridial cells. This discov- 
ery immediately raised the question whether or not any generic distinction 
can be made on the basis of this character of the resting spore. Pending 
further investigation of the nature of sex in this group, however, the author 
(1939) suggested that the genus Pseudolpidmm, amended in accordance 
with the new facts, might be maintained for the asexual species described 
by Butler (1907), and that the organism with which we are dealing might 
be regarded tentatively as a Pseiidolpidmm species which, although pre- 
dominantly asexual, may display some sexuality. 

Since that time a thorough investigation of the variations in structure 
and sexual expression displayed by this new species has been made in an 
elEort to establish its proper relationships and to evaluate some of the char- 
acters upon which generic and specific distinctions have been made in the 
past. Some of the results of this study are recorded in this paper. 

MATERIALS AND METHODS 

The technic employed in securing and maintaining the parasite is an 
adaptation of the method reported by Miss Berdan (1939). A pure stock 
culture of Achlya flagellaia was maintained on Difco potato dextrose agar, 
while the parasitized host cultures were grovm on sterile hemp seeds in 
sterile charcoal water. Transfer and renewal cultures were prepared by 
placing an infected ^'seed culture’’ in fresh charcoal water witli a fresh 
Achlya culture. By repeated washing of the '‘seed culture” with sterile dis- 
tilled water from a pressure wash bottle, protozoa were eliminated, and bac- 
terial contamination was reduced to a minimum. It was found convenient 
to hold the culture in the depression of a moist chamber slide and to use a 
small aquarium pump to develop pressure sufficient to thoroiighly clean the 
culture. Temperatures higher than approximately 25° C. were unfavorable, 
since they induced dormancy of the sporangia. This dormancy, however, 
could be broken by subjecting the culture to a temperature of about 15° C. 
for 24 hours. 

Monosporangial cultures were prepared by collecting a few z(K)spores 
in a micropipette as they emerged from the sporangium and placing them 



W41] 


MCLARTY: PSEUDOLPIDIUM AND OLPIDIOPSIS 


51 


ill sterile cliareoal water containing* a pure culture of Achhfd growing on ^ 
small block of agar. After a period of 24 lioiirs^ isolated sporangia apx)eared 
in the Adilya filaments, and with the aid of a low power dissecting miero- 
scope the parasitized filaments were separated without disturbing the 
sporangia. Filaments wdth single sporangia ivere then transferred to a 
culture dish containing pure Adilya, and in this iray monosporangial infec- 
tions \vere secured. 

Similarly monospore cultures were obtained by collecting with a micro- 
pipette a drop of -water containing several zoospores. The water ivas then 
spaced out in tiny droplets on a glass slide, and those containing a single 
zoospore were picked up again in, sterile micropipettes and added to pure 
Adilya cultures. 

The infection and subsequent progressive stages in the development of 
the sxiorangia and resting spores of the parasite were observed in hanging 
drop cultures. When a small culture of Adilya, which had been alloAved to 
remain for a few’ moments in Avater containing numerous zoospores, w^as 
lifted in a large ]3ix}ette and iDlaced on a cover-slip, the filaments spread out 
and clung close to the surface in a thin film of water, thus making it possible 
to use the oil immersion lens for observations. For the study of the de\'elop- 
iiig zoosporangia, agar block cultures were used, because where the host 
presumably has a limited supply of food the thalli develop and mature 
rapidly wuthout the interjection of long rest periods. For the study of resting 
spore development, the host was grown on fragments of raw meat. 

OBSERVATIONS 

Yariatiom in Size, Shape, and Ediinidaiion of the Zoosporangia. All 
monospore infections of Adilya so far observed have always resulted in the 
formation wuthin the host filament of large, solitary, thin-^walled zoospo- 
rangia (fig. 4). At maturity such solitary sporangia liberate large numbers 
of zoospores wdiich re-infeet the tips of young Adilya filaments. From such 
a secondary, multiple infection all the types of sporangia illustrated in 
figures 1-11 may result. 

Correlations between the size of the sporangia, the size of the localized 
swellings of the host hyphae, and the number of sporangia in each, swelling 
w^ere sought. In this connection, however, we are dealing with large, aseptate 
filaments in which it is difficult to determine the unit of host protoplasm 
involved. The vigor of the host filaments and the volume of protoplasm 
which they might contain, moreover, vary so greatly that the interpretation 
of sporangial variation in terms of population counts and measurements 
proved impractical. It Avas soon found better to rely upon observational 
methods. 

In hanging drop cultures it wms possible to determine the approximate 
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numbers of zoospores infectino' various filaments and to determiiie also tb 
time at wiiieli certain infections took place relative to other local inte(dions. 
As described aboi^e, solitarv infections give rise to solitary sporangia which 
may become very larg'e (fig. 4) if the host filament contains copious amoiiiits 
of protoplasm but which will mature quickly witliout attaining great size 


if the supply of host protoplasm is limited. When two or several zoospores 
penetrated a filament more or less simultaneously, smalhn* sporangia of 
somewhat uniform size developed (figs. 1, 2). The size of tlie s])orangia 
decreases as the number in the filament increases. 

In not too congested filaments the sporangia attain appreciable size and 
assume a more or less ellipsoidal shape. When filaments were beset by large 
numbers of spores, however, large swellings, filled with small, sphefical or 
oval sporangia measuring 11.5-50 microns in their largest diameter, were 
formed (fig. 11). It was also observed that when multiple infection of a 
filament which already contained one or several de\^eloping thalli occurred, 
the numerous sporangia formed were dwarfed (fig. 6). Apparently in such 
cases the older thalli absorb the bidk of the food and consequently deprive 
the younger thalli of adequate nourishment. 

The ornamentation of the walls of zoosporangia varies from very fine 
echinulations (fig. 2a) to large heavy bristles (fig. 6). Attempts were made 
to correlate the production of bristles with the age of the culture, the vigor 
of the host, and other general environmental factors. No such correlations 
could be established, however, since it was found that smooth and rough- 
walled sporangia were produced simultaneously side by side (figs. 2, 10), 
and the entire raiige of variation from smooth to extremely rough walls was 
often observed on a single sporangium (fig. 7a). 

The progressi^^e stages of bristle formation were often observed in hang- 


Explanation of figures 1-11 

Fig. 1. Two elongate tlialli of 0. Achlyae in a swollen tip of an AcJilya filament. 
X 93. Fig. 2. Several sinootli and rougli-walled empty zoOwSi)orangia of approximately equal 
size in a swollen filament, x 93. Fig. 3. A small, spiny zoosporangium in an Achhja 
oogonial cell, x 93. Fig. 4. A large solitary zoosporangiuin, with three exit tubes, in a 
swollen Achlya filament, x 93. Fig. 5. Several small, empty, smooth and rough -walled 
zoosporangia which have matured in a filament without causing any appreciable swelling 
of the host cell, x 93. Fig. 6 . A single large, spiny zoosporangium, in a swollen filament 
with numerous smaller, smooth sporangia, x 93. Fig. 7. A swollen Achlya filament con- 
taining a parthenogenetic resting spore of 0. Achlyae, two sexual resting spores h and c 
and two rough-walled sporangia; sporangium a is smooth at one end and heavily bristled 
at the other, x 93. Fig. 8. A swollen Achlya filament with numerous, small, smooth and 
rough-walled zoosporangia and asexual (a-d) and sexual {e) resting spores, x 93. Fig. 9. 
Large and small, smooth and rough-walled zoosporangia with three smooth-walled resting 
spores {a), x 93. Fig. 10. Oval to elongate, smooth and rough-walled zoosporangia in a 
slightly swollen filament, x 93. Fig. 11. Numerous spherical to oval, smooth and rough- 
walled zoosporangia in a swollen Achlya filament; two isolated thalli have caused little 
swelling of the host filament in their vicinity, x 93. 
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hio* drop eultiires. On the surface of sporangia wliieli liad attained approxi- 
iiialely tlieir matiire size but were still surrounded by an appreciable amount 
of visiJfJr host protoplasm, small, liyaline, indefinite bristles were sometimes 
discernible. Siicli bristles increase in number, size, and density until, at 
inatiirity, the sporangium may appear similar to that shown in figure 6. As 
this developnient takes place the visible host protoplasm gradually dimin- 
ishes until, at maturity, the sporangium is suspended in a hyaline medium. 
Although it has not been conclusively demonstrated that these bristles 
arise by a localized deposition of host protoplasm, this is suggested by the 
fact that they develop as the refractive material about them diniinishes. 
This is in agreement with the observations of Fischer (1882). Furthermore, 
vlien biich rough-walled sporangia are treated with zinc chloro-iodide, the 
wall stains blue, but the bristles give no cellulose reaction. The actual chemi- 
cal nature of the bristles, however, remains unknown. 

These observations on living zoosporongia seem to indicate that varia- 
tions in their size are dependent upon the vigor of the host, the number of 
thalli developing in a given locality, and, within a single filament, the time 
of penetration relative to other local infections. They vary, aeeordingh^, 
from large, solitary, cylindrical sporangia to small, spherical ones which 
develop in congested filaments. Although the factors controlling the forma- 
tion of bristles are obscure, they appear to arise by a direct, localized deposi- 
tion of host protoplasm upon the surface of the thalli. 

Development and Variations of the Exospore. The great variability 
which characterizes the exospore, in this species is of particular interest in 
view of the great stress which has been placed upon this structure in the 
determination of species of Pseiidolpidium and Olpidiopsis. 

Explanation of figures 12-26 

Fig, 12. Origin of spines of tlie exospore within the hyaline layer drawn from living 
material, x 580. Figs. 13-15. Successive stages in the development of a thin, warty exo' 
spore on a resting spore which absorbed most of the host protoplasm during its early 
developmental stages. x470. Fig. 16 . An empty male cell attached to two mature resting 
spores. x470. Fig. 17. A mature sexual resting spore with three empty male cells attached ; 
margin of the homogeneous layer is visible about the apices of the spines, x 470. Fig. 18. 

A mature resting spore with two attached male cells which still contain their contents. 
x470. Fig. 19. Cytoplasmic strands running from the apices of the broad-based spines 
of an asexual resting spore. x470. Fig. 20. A developing resting spore stained with 
haematoxylin showing origin of spines within the homogeneous layer by centripetal con- 
densation of protoplasm along definite lines, x 580. Fig. 21. A partheiiogenetic resting spore 
bearing long, narrow spines, x 580. Fig. 22. A mature resting spore with an exospore 
which is part smooth and part spiny, x 580. Fig. 23. A mature asexual resting spore of 
0. Aelilyae possessing an undulant exospore, x 580. Fig. 24. A mature resting spore bear- 
ing a halo of hair-like spines. x580. Fig. 25. A mature resting spore of 0. Achlyae illus- 
trating how the developnient of the exo spore has conformed ivith the wall of the host 
filament— i.e., with the distribution of the host protoplasm, x 580. Fig. 26. Two sexual 
resting spores A and B with their associated male cells X and Y which have been enveloped 
by a common wall, x 580. 
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Y( 3 iing developing- resting spores in the living eonditioii can be distin- 
giiislied from incipient zoosporangial thalli at a fairly early stage by their 
more opaque protoplasmic content and, to some extent, by the noticeably 
thicker layer of granular, degenerating host protoplasm which usually sur- 
rounds the young resting spores. The exospore usually first becomes evident 
as a homogeneous, amorphous layer which develops eentripetally around the 
thallus, gradually replacing entirely the mass of granular host protoplasm. 
At maturity, this layer may maintain a fairly even contour (fig. 23), 
although, in stained preparations, radially arranged lines, which appear to 
be regions of condensation, may be observed extending inward from the 
outer margin of the exospore. In most cases, however, this homogeneous 
layer^necomes organized, to a greater or lesser degree, into spines of various 
sorts (figs. 17, 21, 22, 24). Such spines, the beginnings of which can often 
be observed in living material as slightly more opaque, conical regions (fig, 
12), are elaborated within the confines of the honiogeneous layer, the outer 
margin of which often remains visible for some time (fig. 17). xV resting 
spore, fixed and stained in a stage of development comparable to that shown 
in figure 12, is illustrated in figure 20. xi tendency for the lines of deposition 
to become somewhat localized and organized into- conical ^‘bundles,’’ which 
seem to represent incipient spines, is striking. It is to be further noted that 
the lines of deposition do not extend all the way in but appear to be develop- 
ing from the outer margin of the layer toward the centre. This observation 
is in agreement with that of Butler (1907) on Pseudolpidium Pythii^ for 
which he describes the spines of the resting spores as arising within a light 
band by condensation of protoplasm along definite lines’’ eentripetally. 

On a few spores spines have been seen to arise apparently by direct 
deposition of host protoplasm without the formation of a homogeneous 
layer. Cytoplasmic strands were usually observed to radiate from tlie tips 
of such spines as were newly formed (fig. 19). 

Like the bristles of the zoosporangia, the exospores fail to react with zinc 
ehloro-iodide, in contrast to the endospore which gives a brilliant cellulose 
test. Attempts to demonstrate the actual chemical composition of the 
exospore have been unsuccessful. It can be definitely said, however, tliat its 
deposition is intimately associated with the layer of host protoplasm directly 
impinging upon the thallus. Figure 25 illustrates a spore the formation of 
whose exospore has apparently been governed by the limitations of the wall 
of the host filament— i. e., by the distribution of the host protoplasm. The 
homogeneous layer seems to result from a direct deposition of host proto- 
plasm, and the organization of spines seems to be accomplished by a regional 
condensation and deposition of this substance along more or less radial lines. 

Strong evidence in support of this interpretation is the very poor devel- 
opment of exospores by resting spore thalli which use up most of the host 
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protoplasiii in their early developmental stages (figs. 13-15). Sneli spores, 
at inatiirity, may be enclosed by a very thin, warty exospore ; flu* oid^er wall 
of some that were observed was almost entirely lacking. It might ])e argued 
that the host protoplasm is first absorbed by the ilia 11 us and later the exo- 
spore is secreted. In this ease, accordingly, it would be assumed that most 
of the food material was needed by the maturing thalliis and that little 
excess was left available for wall secretion. The deposition of the exospore 
begins fairly earh^, however, and despite its increasing thiekness the host 
protoplasm steadily diminishes. The homogeneous layer might be confused, 
in certain respects, with the digestion cavity which often surrounds intra- 
cellular parasites. Incipient resting spores which have been dissected out at 
this stage, however, have been found to be enclosed in a definite, struf-^ural 
layer which does not appear to be a region of digestion or absorption. Judg- 
ing from the difficulties encountered in bringing about penetration of 
mature spores by fixatives and intra-vitam stains, it seems improbable that 
much absorption bj^ the thallus would go on after the formation of the 
exospore has begun. Consequently, the gradual disappearanee of the host 
protoplasm which takes place as the exospore laj^er increases in thiekness 
is best explained by assuming direct deposition of host protoplasm upon 
the surface of the thallus. Figure 26, drawn from sectioned and stained 
material, shows two resting spores A and B, with their related male <3ells, 
X and Y respectively. It is to be noted that their exospores are completely 
confluent and tliat male cell X is entirely surrounded and embedded. Such 
a condition seems to suggest exospore production by deposition and direct 
transformation of host protoplasm rather than separate secretion by each 
individual thallus. 

A consideration of the various configurations which the exospores of 
mature resting si.)ores of this species may assume is interesting and sugges- 
tive of the synonymy which might arise by attributing false significance 
to these variations. Mature resting spores of our species are often invested 
by a dense layer of broad based spines similar to those described for 0. f usi- 
forniis and 0. minor (fig. 17). Sawada (Tokunaga 1933) in 1912 described, 
a species, P. stellatum, solely upon the basis of the resting spores observed. 
These spores, which he describes as similar to those of 0. minor but lacking 
attached male cells, are simulated by asexual spores of our species. Long, 
tapering spines (fig. 21) similar to those described for 0. Saprolegniae have 
also been observed, while undulating exospores like those described for 0. 
major and P. mcrassata are not uncommon in cultures of the species here 
considered (fig. 23). Spores surrounded by a halo of hair-like spines or 
•fibrillae simulating the spores described by De Wildeman (1895) for 0. 
fibrillosa regularly occur (fig. 24), while resting spores which have devel- 
oped under conditions providing a minimum of nourishment often possess, 
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at maturity, a thin, warty exospore similar to that described by Barrett 
(1912) for 0. vexans (fig. 15). In addition, many other irregular variations 
of the exospore are commonly encountered in cultures of this species (figs. 
16,18,22,25). 

It is not maintained that all the species whose resting spores are simu- 
lated by this one extremely variable organism are necessarily invalid. 
Nevertheless, the apparent method of formation of the exospore and the 
infinite variation which it may exhibit within one species indicate that it is 
not an infallible diagnostic character upon which to base generic distinc- 
tions. When all species concerned have been re-collected and critically 
studied in pure culture, we may learn that many of them are s^uionymous 
whi]^^ others, which may be confined to various definite hosts, may prove to 
be physiological strains of a few distinct species. 

Sex Deternunaiion, When Cornu (1872) observed small, empty thalli 
attached to larger resting spore thalli he assumed that the smaller cells 
were antheridia. His belief was confirmed in 1878 when Eeinsch observed 
the movement of the contents of the smaller into the larger thallus. Since 
that time this interpretation has been generally accepted and the terms 
“antheridium” and ‘‘oogonium’’ have been applied to the smaller and larger 
thalli, respectively, and the fusion of these cells has been referred to as being 
a primitive type of oomycetous reproduction. Scherrfel (1925) looks upon 
the resting spores of Olpidiopsis as oospores without periplasm and, upon 
this basis, he outlines a possible origin of the Pi/t/idcai-Peronosporaceae 
group from simpler species through Olpidiopsis. No investigation of sex 
determination in these species has ever been attempted, however, and the 
actual origins of the so-called antheridial and oogonial thalli remain obscure. 
Barrett (1912) states that when these thalli first become recognizable it is 
impossible to say whether they have had separate origins or whether they 
have been derived by an unequal division of a single thallus. He belieA^es, 
none the less, ivith all other investigators of Olpidiopsis species, that resting 
spore formation invariably imnlves fusions of cells. The spores of the species 
under consideration, lioweA^er, may be formed AAuth or Avithout fusions Avhile 
the ratio of so-called sexual to asexual spores may shoAv noticeable Anriation. 

From a series of counts made on resting spores of A^arious culture gen- 
erations, it Avas found that only one quarter of the resting spores of our 
species have attached antheridial cells. It has been noted, hoAvever, that the 
ratio of sexual to asexual spores in consecutive culture generations may 
shoAV variation which cannot be correlated Avith any easily recognizable 
eiiAuronmental factor. When studying pure cultures of this species it is not 
unusual to find certain cultures which exhibit no sexuality AvhateA’-er, Avhile 
others, growing under the same conditions, display only resting spores of 
the Olpidiopsis ijpQ. It has been observed by Barrett (1912), the author, 
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and others that resting spores are more abundant in eiiltnres grown in stale 
water, wliile Diehl (1935) points out that low teniperatures have a siniiiar 
effect. Observations on this species, moreover, have shown that low^er tem- 
peratures not only stimulate resting spore formation but, in cultures niain- 
taiiied at low- temperatures, although the sexual-asexual ratio may still vary, 
the percentage of sexual resting spores is usually markedly higher. 

In several cases, similar to that illustrated in figure 16, male cells attached 
to tAYO female thalli have been obseiwnd. In the thalli illustrated the contents 
of the male cell passed into the smaller of the tAAm female tharii although the 
larger thallus matured quite as readily as did the smaller ‘'fertilized’^ thal- 
lus. The passage of only a part of the contents of the male cells into the larger 
thalli in the “fertilization” process has often been observed, AAdiile the l^tal 
failure of attached male cells to function frequently occurs (fig. 18). It is 
evident that fusion is not essential to resting spore formation and that male 
cells, eA^eii AAdien present, do not ahvays participate in the maturation of the 
female thallus. 

It has been mentioned by Shanor (1939) that, during his investigation of 
0. luxunanSy spores Acere observed Avhich appeared to be formed asexually, 
but upon closer obseiumtion these proved to be merel}^ “ inadvantageously 
orientated” sexual spores, the male cells of AAdiich w^ere hidden from vieAV. 
That tliis is not true of the “parthenogenetic” resting spores of our species 
has been repeatedly siiOAvn by dissecting the spores out in glycerine AAdiere 
they could be rolled over and over for examination from all sides. 

At the outset it Avas postulated that the production of sexual and asexual 
spores b.y this extremely variable species might be explained on the basis of 
heterothaliism. It wms found by the author (1939), hoAA^ever, that hetero- 
thallisni does not exist in this species, inasmuch as sexual spores occur in 
cultures AAdiich have been propagated from a single zoospore. Moreover, if 
Ave are to assume genotypic differentiation of sex in this species, there are 
basic assumptions to be made AA’hich, in themselves, seem to totally discredit 
any claim of sex segregation. In the case of monospore cultures exhibiting 
sexuality it AAnuld be necessary to assume that the single zoospore from AAdiich 
the culture AAms propagated Avas diploid Avith factors for inaleness and 
femaleness. In the maturation of the primary sporangium formed by the 
single spore Ave must further assume that zoospores similar to the original 
AA^ere formed by mitosis, AAdiile in other parts of the same sporangium meiosis 
occurred in the production of genotypically differentiated male and female 
gametes. These in turn Avould give rise to the zoosporangial “antheridial” 
and “oogonial” thalli Avhich appear in the secondary infection. In all the 
prepared, zoosporangial material studied to date, howeA^er, no indication 
of meiosis has been found to support this assumption Avhieh, in itself, seems 
improbable enough to discredit the entire hypothesis. 
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It lias been stated above that low temperatures appear to increase the 
percentage of sexually formed resting spores, while the ratio of sexual to 
asexual resting spores varies constantly without any apparent relation to 
environmental factors. As will be more clearly brought out in a following 
paper, the male and female thalli of this species have been found to be multi- 
nucleate and essentially similar to the zoosporangial thalli. The mature rest- 
ing spores are likewise multinueleate, and upon germination they function 
as sporangia, liberating zoospores through an exit tube. In this regard these 
resting spores differ from the uninucleate resting spores which Hillegas 
( 1940 ) has observed for A'adoc/ii/frdcm operciilatum^ whieh germinate in- 
directly by producing an evanescent zoosporangium in which nuelear divi- 
sioi^s take place prior to the delimitation of zoospores. It seems, at least in 
the species which we are considering, that all incipient zoosporangial thalli 
are potential male and female cells which, under certain conditions, become 
somewhat differentiated and function in the formation of resting spores. 
The use of the terms ''antheridiiim"’ and '^oogonium” to denote the smaller 
and larger fusion thalli, respectively, is unfortunate and misleading. Tliese 
terms, in their proper sense, refer to gametangia producing male and female 
gametes. Consequently, these thalli, when they fuse, may more properly be 
referred to as male and female thalli. 

All our observations indicate that this species is haplosynoecious and that 
sex is phenotypically determined. Upon the basis of such a hypothesis tlie 
wide range of variation in sexual expression and the ability of certain 
environmental factors to influence such variation can, to some extent, be 
explained. Conclusive evidence of the truth of the hypothesis, however, must 
await the results of much more experimentation and cytological demonstra- 
tion of meiosis occurring in the germination of the resting spores. 

DISCUSSION 

The foregoing observations on resting spore formation in the s|)eeies 
with which we are dealing show conclusively that distinctions drawn between 
sexual and asexual species are totally unwarranted. The formation of resting 
spores of the Olpidiopsis type does not involve fusions between geiiotypically 
differentiated gametes but apparently merely represents a reaction between 
incipient zoosporangia which, under certain conditions, may become some- 
what modified to function in resting spore formation. It has been demon- 
strated, moreover, that such fusions are in no w-ay essential to resting spore 
development and that, in this particular species, the percentage of sexual 
spores formed may vary over a wide range in aecordanee with tlie tempera- 
ture and other obscure external factors. Consequently, it is obvious that 
Psetidolpidmm should be merged with Olpidiopsis and that the description 
of the latter genus should be amended to include species with smootli and 
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spiny zoosporangia which may form either sexual or asexual resting spores. 
The author is accordingly revising the generic diagnosis as follows : 

Olpidiopsis Cornu, Ann. Sci. Nat. Y, 15: 114. 1872. Plrocjjsfidium 
Fisch, Sitz.-ber. Phys. Med. Soc. Erlangen 16: 29-66. 1884. Diploplnjsd 
Sehroeter in Cohn’s Kryptog. FI. Schlesieiis 3: 175-197. 1889. OlpidiopPis 
(Coriiii) Fischer, Rabenhorst Kryptog. PL 1^: 37. 1892. Fseudol pidiuui 
Piseher in Rabenhorst Kryptog. PL 1^ : 33. 1892. Pseitdolpidiopsis Minden. 
Krypt. FI. Mark Brandenburg 5 : 209-422. 1911. 

Tliallo intramatricali, monocentrico, holcarpieo, primiim nudiuseulo (iit 
videtur) sed protoplasma hospitis inmixto, maturitate distineto pariete 
cellulosani habeiite disiuiicto. Zoosporangiis solitariis vel numerosis, liyalinis 
vel parce granidosis, levibus vel echinulatis, globosis, ovalibus-ellipsoideis, 
eylindriceis, saeculatis vel irregiilaribus, cum una aut amplius tiibulis exJun- 
tibus, latis, acutis vel eylindriceis, rectis, eurvis spiriformibus, brevibus vel 
elongatis, quae usque ad parietem matrieis pertinere aut etiam se extra 
proicere solent. Zoosporis hyalinis, minutissime graniilatis, interdum cum 
gutta eontrahende, ovaii, ellipsoideo, vel aliqua ex parte elongata atque 
reniformi ; hetero- et isoconti fiagellis a latere prope anteriorem partem 
insertis, liagello breviore protinus, longiore retro plerumque derecto ; maturis 
emergentibus subitoqiie enatantibus vel interdum quiete cumulo ostio 
tubulae aliquamdiu manentibus; aequaliter hand emicatim movent ex 
occasione liagellatis retractis tranquilliter quiescentes. Sporis perdurantibus, 
gamieis, agamicis vel parthenogenetieis, ovalibus ellipsoideisve, hyalinis, 
bruniieis, levibus, verrueiformibus, undulatis, echinulatis, unum aut amplius 
globulos ref ringentes magnos parvosve aut habentibus aut eareiitibus ; 
antheridia, cum adsunt, solitaria vel numerosa, hyalina, levia, spiniformia 
^'el eeliinulata. Germinatio directa, tubula exeunte formata et biflagellatis 
zoosporis liberatis. 

Thallus intramatrical, monocentric, holocarpic, appearing more or less 
naked but immiscible with the host protoplasm when young, becoming in- 
vested with a definite cellulose Avail at maturity. Zoosporangia solitary or 
numerous, hyaline or slightly granular, smooth or spiny, spherical, oauxI, 
ellipsoidal, elongate, sac-like or irregular Avith one or several broad, tapering 
or cyiindricaL straight, cuiwed, coiled, short or elongate exit tubes AAdiieh 
may end flush Avith the surface of the host cell or may project beyond it. 
Zoospores hyaline Avith numerous minute granules, and occasionally a con- 
tractile vacuole, oval, ellipsoidal, or someAA^hat elongate and reniform, 
hetero- and isocont; flagella inserted laterally near the anterior end, the 
shorter one usually directed forAvard and the longer backward ; emerging 
fully formed and sAviinming directly avmy or occasionally lying quiescent 
in a mass for a moment at the mouth of the exit tube ; movement even, not 
darting, interrupted by one or several rest periods during which the flagella 
may be retracted. Resting spores sexual and asexual or parthenogenetic, oval 
or ellipsoidal, hyaline, broAvn, smooth, Avarty, undulating or AvaAy, spiny, 
Avith or Avithout one or several large or small refringent globules ; male cells, 
AAhen present, single or numerous, hyaline, spherical, smooth, Avarty or 
spiny. Germination of the resting spore direct by formation of an exit tube 
and liberation of biflagellate zoospores. 
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Few of the species of Fseiidoliyidmm and Olpidiopsis wliicli have been 
described have been adequately studied and we have very little aceiirate 
knowledge of their variability and host relationships. Yet it is primarily 
upon the basis of the host range and exospore variations that these species 
have been determined. It has been pointed out above that the resting spores 
of several species which are now considered as distinct are simulated in 
monospore cnltiires of the extremely variable species which W'C are consider- 
ing. In view of this, it does not appear that the character of the exospore is a 
suitable, fundamental diagnostic character. It seems highly probable that 
many of the species which have been described may prove to be synonymous 
with or nothing more than physiological strains of a few legitimate species. 
Thk new species, likewise, may be synonymous with several others which 
are at present considered distinct but, until all these related species have 
been critically studied in inonospore cultures, the exact identity and rela- 
tionships of this species must remain in doubt. For this reason I am pro- 
visionally naming the species until the genus as a whole is better known. 

Olpidiopsis Achlyae McLarty sp. nov. (ad int.). Zoosporangiis solitariis 
vel numerosis, plerumque in matricis cellibus turgidis teriniiialibus vel iii- 
tercalaribus positis; brunneolis, paree granulatis, maturitate pariete cellii- 
losam habente eircumvallatis, levibus vel spinis angustis vel crassis quae 
cellulosa carent ; sphaericis, ovalibus, ellipsoideis vel elongatis, magnitudine 
variis, 13.2-112.4 q diametro x 115.0-666.4 q ; tubulis exeuntibus (1-3 
numero) quae saepissime extra superficiein liospitis longe pertinent. Zoo- 
sporis hyalinis minutissime granulatis, ovalibus, sphaericis, vel paree reni- 
formibus, 3. 2-5. 7 q x 2.9-4.3 q, plerumque c. 3.1 x 4.2 q, cum duobus siib- 
aequalibus flagellis a latere prope anteriorem partem eoniunctis. Sporis per- 
durantibiis gamicis, agamicis, vel parthenogeneticis, sphaericis vel ovalibus, 
22.8-122.4 q (pleruinqiie e. 50.0 x 41.0 q) , bruiineis, cum uno (eompluribus 
rarius) permagno globiilo refringente. Endosporio eellidosam liabente, levi, 
1.0-1. 5 q diametro. Episporio cellulosa earente, 1.0-11.4 q, spinis verruci- 
formibus, parvis vel magnis, basi angusto vel lato, fibrillis eapiltiformibus 
vel cum margine levi, undiilato vel paullum serrato. Antheridia, cum adsunt, 
eontenta in oogonium interdum (non tamen semper) ejiciunt forma zoo- 
sporangiis similia, 1-3 uni oogonio adiunctis, sphaericis, vel o^^alibus, tenui 
pariete, levibus, interdum in episporio conclusa. Spora perdurans germina- 
tione in sporangium transformatur, zoosporis tubiila exeunte libera tis. 

Zoosporangia solitary or numerous, usually localized in a terminal or 
intercalary swelling of the host filament, slightly brown and graiiular, en- 
closed at maturity by a cellulose wall, smooth or covered with fine or <*oarse 
iion-eellulose bristles; spherical, oval, ellipsoidal or elongate, variable in size, 
13.2-112.4 q diam. x 115.0-666.4 q ; one to three exit tubes which may extend 
coiisiderably beyond the surface of the host filament. Zoospores hyaiiiu^ witli 
numerous small granules, oval, spherical, or somewhat reniforin, 2. 3-5. 7 q >: 
2.9-4.3 q, usually about 4.2 x 3.1 q, with two approximately equal tiagvlla 
attached laterally near the anterior end. Resting spores sexual and asexual 
or parthenogenetic, spherical or oval, 22.8-122.4 q (usually about 50.0 x 
41.0 q), brown, with several or commonly one, large refringeiit globule. 
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Eiidospore composed of cellulose, siiiootli, 1.0-1. 5 [j in tliiekness. Bxospore 
not composed of cellulose, varying from 1.0-11.4 in thickness, with warty 
protuberances, small or large, narrow or broad-based spines, hair-like 
fibrillae or with an entire, undulant or slightly serrate margin. Male cells, 
when present, may or may not discharge contents into female thallus, sim- 
ilar in appearance to zoosporangia, one to three attached to one female 
thallus, spherical or oval, thin-walled, smooth, sometimes embedded in the 
exospore. Kesting spore in germination transformed into a sporangium lib- 
erating zoospores by means of an exit tube. 

Parasitic in AcMya fl^agellata Coker from a pool on the campus of the 
IJniversit .7 of Western Ontario, London, Canada, September 1937. 

It has been shown b}^ the author (1939) that the spiny bodies which 
Fischer described as resting spores of Pseiicloliyidmm Saprolegnm and P, 
f usiforme are merely rough walled zoosporaiigia and that, inasmuch as they 
all occur in monospore cultures of 0. Achlyae, the sporangial types wliieh 
Fischer regarded as diagnostic of his two species cannot be regarded as 
being limited to any one organism. This viewpoint has been confirmed by the 
subsequent observations of Shanor (1939). Consequentl.y, P. Saprolegniae 
must be recombined with 0. Saprolegniae while P. fusiforme and 0. minor 
must be recombined under the original name, 0. fusiformis^ as KShanor has 
already suggested. Pseitclolpklnmi steUatnni was described by Sawada in 
1912 (Tokunaga 1933) when he observed resting spores, similar to those of 

O. minor but without adjacent cells, occurring frequently in association with 

P. fusiforme. In view of our observations on 0. Achlyae it seems advisable 
to combine this species also with 0. fusiformis and to consider the latter as 
a sexual-asexual species. 

Ol'pidiopsis Aplianomycis was originally described by Cornu (1872) and 
included as a member of the genus although he did not observe resting 
spores. Consequently Fischer (1892) transferred this species to Pseudol- 
pidium as P. Aphanomycis. Dangeard (1891) illustrated a resting spore of 
0. Aplianomycis with no adjacent cell. Butler considered this to be the true 
resting spore of P. xi.plianomycis. Subsequenthq Petersen (1910) described 
sexual resting spores for 0. Aplianomycis and commented on the similarity 
between this species and 0. Saprolegniae. Barrett (1912) described another 
species, 0. luxurians, occurring in filaments of Aplianomyces. Shanor (1939) 
has discussed the similarities which exist between all of these parasites of 
Aplianomyces which have been reported by Cornu (1872) , Dangeard (1891), 
Butler (1907), Petersen (1910), and Barrett (1912) and suggests that later 
investigations may prove that they are all synonymous with Cornu’s orig- 
inal species. This may be true, but at the present time it seems advisable to 
maintaiii Barrett’s species and to combine the remainder of the sexual and 
asexual parasites of Aplianomyces which have been described under Cornu’s 
original name 0. Aplianomycis. 
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Only one of the resting' spores which Cornii (1872) illustrated for 0, 
ia<:o 7 /.s'.sv//c possessed an antheridial cell. Consequently Bhscher (1892 ) terita- 
ti^^ely transferred the species to Fseudolpidmm as P. mcrassata. Since that 
time Sparrow (1933) has reported P. incrassata, while Petersen (1910) con- 
siders this species as synonymous with P. Saprolegniae. Maurizio (1895) 
claims that the resting spores of 0. mcrassata are identical with those of 

O. mxijor. It appears that Cornu (1872), Maurizio (1895), and Sparrow 
(1933) were dealing with the same organism. Accordingly the author pro- 
poses to combine P. mcrassata and 0. major, which has not been observed 
since its description, under Cornu Is original name, 0. mcrassata, and to 
consider the species as one which produces sexual and asexual resting spores. 

Fseudolpidmm Pythii and P. gracile, as described by Butler (1907), 
possess relatively thin- walled resting spores covered with fine spines. V ery 
little is known of these species, although each has been observed since But- 
ler’s time. The resting spores of these species, as they are illustrated in the 
literature, appear very similar in appearance to spiny zoosporangia. Until 
they are re-collected and critically examined, these species may be trans- 
ferred to Ol'pidiopsis as strictly asexual species. 

Pseiidolpidimn glenocliniam^^^ and P. .Sphaeritae (Fischer 1892) and 

P. deformans (Serbinow 1907), of which no resting spores are known, may 
be transferred to the genus Olpidiopsis on the basis of their bifiagellate 
zoospores and maintained as very doubtful species until their real identity 
can be demonstrated. 

SUMMARY 

A new species, Olpidiopsis AcJilyae, which produces smooth and spiny- 
walled zoosporangia and sexual and asexual resting spores, has been de- 
scribed. The genus Pseiidolpidiuni has been merged with Olpidiopsis and the 
diagnosis of the latter has been revised aecordinghu 

Variations in the size and shape of the zoosporangia seem to depend 
directly upon the amount of nourishment available to the developing thalli. 
Non-eellulose bristles appear to be formed by a localized deposition of host 
protoplasm upon the surface of the incipient zoosporangium. 

Evidence has been presented in support of the view that the exosi)ore, 
Avhieh, in contrast to the eiidospore, is not composed of cellulose, is formed 
by a localized deposition of host protoplasm upon the surface of the parasite. 

Resting spores, which have been described as eharacteristic of several 
species of Olpidiopsis, are commonly simulated in pure cultures of 0, 
Aclilyae. The marked variability of the exospore in this species indicates 
that it is not a suitable diagnostic character upon which to base specific 
distinctions. 

Fusions between thalli are in no way essential to the formation of rest- 
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iiig spores by tliis species. 0. Achlyae is, a,ppareiitly, liaplosyrioeeioiis, and 
sex, when present, is plienotypically determined. 

This study of pure cultures of 0. Achlyae clearly indicates the need for 
a critical re-examination of all species of Olpidiopsis^ which, for the most 
part, have been very inadequately studied. 

The writer wishes to express his appreciation and thanks to Prof. John 
S. Karting, under whose direction this investigation has been carried on, for 
his generous assistance and stimulating criticism; to Prof. Helen P>erdan, 
who provided the original cultures from which this species was isolated ; and 
to Prof. J. N. Couch for the identification of the species of Achlya. Cour- 
tesies extended by the writer’s colleagues on the Botany faculty of Dart- 
mouth College have greatl}^ facilitated the conipletion of this study. ' 
Department of Botany 
Columbia University 
New York, New York 
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NEW OR NOTEWORTHY SOUTH AMERICAN 
ERIOCAULACEAE 

Harold N. Moldenke 

Recent collections of South American plants sent to the writer for deter- 
mination have brought to light a number of hitherto undeseribed species and 
varieties in the Eriocaulaceae and have revealed the desirability of reducing 
a specific combination to varietal rank. 

Paepalanthus Archeri Moldenke, sp. nov. Herba acaulis nana; folds 
caespitosis recurvatis linearibiis, ad basim densissime longeque villosis, ad 
apicem ntrinqne glabratis ; pedunculis stramineis 3-costatis densiusj*cule 
longeque pubescentibus ; vaginis subglabratis, ad apicem oblique lobatis. 

Dwarf stemless herb ; leaves tufted, recurved, appressed to the ground, 
olivaceous, linear, 4-10 mm. long, 0.5-1 mm. wide at the middle, blunt at 
apex, not fenestrate, very densely long-villous with silky-white hairs at the 
base, glabrous on both surfaces at apex, the basal villosity forming a very 
dense and conspicuous white cottony tuft or cushion at the base of the plant ; 
peduncles stramineous, very slender, 3-4.5 cm. long, twisted, 3-costate, 
rather densely long-pubescent with divergent wliitish gland-tipped hairs; 
sheaths closely appressed to the peduncles, about 1 cm. long, twisted, 
many-costate, subglabrate except for the long-ciliate obliquely lobed mouth, 
the lobe 2-3 mm. long, acuminate and somewhat recurved at apex; heads 
hemispheric, about 3 mm. high and 6 mm. in diameter, densely many-flow- 
ered; involucral bractlets numerous, many-seriate, chestnut-brown (the 
inner ones lighter), obovate or spatulate, 1.9-2. 5 mm. long, 0.9-1. 4 mm. 
wide, roundeci at apex, glabrous on both surfaces; receptacle very densely 
long-villous ■with white hair ; reeeptacular bractlets hyaline, obovate, about 
3 mm. long and 1.2 mm. wide, rounded at apex, long-cuneate at base, ap- 
pressed-pilose on the back; staminate florets: long-pedicellate; sepals 3, 
connate at the base only, hyaline, ob ovate-elliptic, about 1.9 mm. long and 
0.7 mm. wide, rounded at apex, densely appressed-villous on the back toward 
the apex ; petals connate into a hyaline, hollow, glabrous, minutely 3-lobed, 
eglandular tube; stamens 3, less than 1 mm. long, white; pistillate florets: 
short-pedicellate or subsessile ; sepals 3, connate at base, hyaline, about 1.2 
mm. long and 0.3 mm. wide, obovate, rounded at apex, densely pilose on the 
back toward the apex; petals 3, separate, minute, orbicular, about 0.3 mm. 
long and wide, glabrous, eglandular; pistil about 0.7 mm. long; styles, 
stigmas, and style-appendages 3 each, white. 

Brazil — minas geraes: Serra do Cipo, alt. 1800 ni,, William Andrew 
Archer 3677, August 5, 1936, type; in the United States National Her- 
barium at Washington. 

Paepalanthus Killipii Moldenke, sp. nov. Herba perennis ; caiile elongato 
f olioso stolonif ero ; folds imbricatis graminoidiis subacutis integris utrinque 
sparse obsciireque puberulentibus et plusminus albido-pilosis, giabrescentibus 
nitidis ; vaginis adpressis sparse piloso-hirsutulis, ad apicem oblique lobatis ; 
pedunculis teniiibus iiumerosis erectis stramineis 2-costatis glabris nitidis ; 
eapitiilis cinereis. 
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Perennial herb ; stem slender, elongate, to 17 or more cm. long, decumbent 
at base, erect at apex, leafv ; abbreviated branches issuing from the stem near 
its base in stolon-like fashion, bearing diminutive young ' ‘ plants ’ ’ witli Yei*y 
narrow leaves, 2 or 3 abbreviated peduncles, and tiny few-flowered heads ; 
leaves (oii normal plants) overlapping, grass-like, olivaceous, 3.5-7 cm. long, 
1.5-7 inm. wide (usually 5-7 mm. wide), subacute at apex, entire, sparsely 
and obscurely puberulent on both surfaces, with scattered long and whitish 
pilose hairs interspersed, especially toward the base, glabreseeiit in age, shiny 
on both surfaces, not fenestrate, many-nerved ; sheaths tubular, closely ap- 
pressed to the peduncles, 3-5 cm. long (smaller on the basal stolons) , sparsely 
pilose with long, scattered, weak, whitish, hirsutulous, spreading hairs, more 
densel.y so at the oblicjiiely lobed month, the lobe 2.5-4 mm. long, attenuate at 
apex; peduncles slender,* numerous, about 50 per plant (except on the basal 
stolons), erect, 9-27 cm. long, stramineous, 2-costate, glabrous and shiny 
throughout; heads hemispheric, ashy-gray, 3-6 mm. in diameter (much 
smaller on basal stolons) ; involucral and receptaeular bracelets siniilar, ob- 
long or obovate, dark-brown or blackish, about 1.2 mm. long and 0.7 mm. 
wide, rounded at apex, glabrous on both surfaces except for a tuft of short 
erect hairs at the apex; receptacle densel.y long- villous ; staminate florets: 
short-pedicellate ; sepals 3, very slightly connate only at the very base, dark- 
brown, obo^uite, about 1 mm. long and 0.7 mm. wide, rounded at apex, 
glabrous on both surfaces; petals connate into a hyaline, liollov', glabrous, 
eglandular, minutely 3-lobed tube; stamens 3, about 1.4 mm. long, white, 
glabrous ; pistillate florets : very short-pedicellate ; sepals 3, connate only at 
the very base, obovate, dark-browui toward apex, about 1.4 mm. long and 0.6 
mm. wide, rounded at apex, appressed-villous on. the back; petals 3, free, 
hyaline, narrowl}’' oblanceolate, about 1.4 mm. long and 0.4 mm. v'ide, 
rounded at apex, densely long-villous ; pistil about 1.4 mm. long, glabrous ; 
styles, stigmas, and style-appendages 3 each, glabrous. 

Colombia^ — Santander sur: Eastern Cordillera, Mesa de los Santos, 
marshy land, alt. 1500 m., Ellsworth Paine Killip cf Alljcrt Charles S)}iith 
15,299, between December 11 and 15, 1926, type; in the United States 
National Herbarium at Washington. Named in honor of E. P. Killip. 

Paepalanthus lodiculoides Moldenke, sp. nov. Herba perennis; caulis 
abbreviatis lignosis caespitosis densissime albo-villosis vel -tomentosis ; foliis 
linearibiis densissime imbricatis valde adpressis glabris ; pediinculis graeil- 
limis abbreviatis sparsissime pilosulis vel glabris ; eapitulis solitariis. 

Perennial herb, very densely tufted; stems apparently inueli abbreYiated 
and woody at base, 1 or 2 cm. long, very densely white-villous or -tomentose 
with long cottony hair which completely hides the stem and almost hides the 
leaves; leaves very numerous, linear, about 2 mm. long, closely a{)pr^^sse(l 
to the stem and very densely imbricate, glabi-oiis, blunt at apex; no venation 
obvious on either surface; peduncles solitary, terminating the stem, vevv 
slender or subflliform, 5-6 mm. long, very sparsely white-pilosulous o'r 
glabrous and shiny; heads solitary, hemispheric, about 2 mm. in diameter, 
few-flowered ; involucral bractlets 2 or 3, ovate, about 2 min. long and wide, 
aeute at apex, brunneous, glabrous, shiny; staminate florets: sepals 3, firm 
and rigid, dark-brown or blackish, elliptic, about 2 mm. long and 0.7 mm. 
wude, acute or short-acuminate at apex and bearing a dense tuft of auMous 
erect hairs on the back at the apex ; petals united into a membranous 3-lobed 
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tube about 1.5 mm. long, the lobes sharply aeuminate or apioulate, glabrous; 
stamens 3, exserted; pistillate florets; sepals 3, praetiloilly s<‘|)arate to the 
base, elliptic, dark-brown or blackish, Arm and rigid, uaviculai-, about 2.2 
mm. long and 1 mm. wide, sharply acute at apex, very (baisely viUom with 
an erect tuft of whitish hairs at the apex on the back; petMis :i, separate, el- 
liptic, navieular, about 2.2 mm. long and 0.8 mm. wide, firm, somewfiat stra- 
mineous, subtranslucent, subacute, eglandiilar, densely white-A^illous witli 
erect white hairs from the middle to the apex ; ovary conspicuously 3-lobed, 
about 1 mm. long and wide, glabrous, plainly 3-eelled; style-branehes 3, 
linear, about 1.2 mm. long, white, papillose at apex; stigmas 3, linear, about 
1.4 mm. long, simple, unbranched. 

Colombia — boyaca: Cordillera oriental, Nevadodel Cociiv, high valley 
of Las Lagunillas, alt. 4000-4300 m., Jose Cuatrecasas 1537, September 12 , 
1938, TYPE ; in the United States National Herbarium at AVashington. 

Paepalanthus paramensis Moldenke, sp. nov. Herba acaulis ; foliis 
caespitosis graminoideis valde villoso-pilosis ; vaginis late cylindricis sub- 
glabris vel sparsissime pilosis, ad apicem subtruncatis undiilatis ; peduneulis 
mediocriter tenuibus, versus apicem dense villoso-pubescentibus, versus 
basim glabrescentibus ; capitulis compositis griseis. 

Stemless herb ; leaves tufted, olivaceous, grass-like, 2.5-6 cm. long, 2-6 
mm. wide, broadest at the base, sharply subulate-tipped at apex, entire, 
abundantly villous-pilose with long, whitish, shaggy, spreading hair on both 
surfaces, many-nerved, not fenestrate; sheaths rather broadly cylindrie, 
about 2.5 cm. long, subglabrous or very sparsely pilose with widely scattered 
hairs, especially at the apex; mouth subtruncate, almost regular, the mar- 
gins slightly flaring and undulate-lobed ; peduncles medium-slender, 4-8 
per plant, 5-7 cm. long, densely villous-pubescent with incanous spreading 
hairs toward the apex, much more sparsely so or glabrescent at base ; heads 
hemispheric or almost spherical, 1-1.4 cm. in diameter, ashy-gray, com- 
pound, composed of about 6 smaller sessile heads ; involucral bractlets brun- 
iieous, broadly oblong or ovate, about 3.5 mm. long and 3.4 mm. wide, 
usually 2-lobed at the broadly rounded apex, truncate at base, lightly vil- 
losulous-pilose toward the apex outside ; reeeptacular bractlets oblong, 
about 2.9 mm. long and 1.4 mm. wide, subacute at apex, densely villous on 
the back toward the apex, with a dense tuft of erect hair at the very apex; 
staminate florets: short-pedicellate; sepals 3, brown, connate at the very 
base, obovate, about 2.4 mm. long and 0.9 mm. wide, rounded or subacute at 
apex, cuneate at base, densely white- villous at the apex on the back with an 
erect conspicuous tuft of hair; free portion of petals narrow-elliptic, hya- 
line, about 1.2 mm. long and 0.5 mm. wide, acute at both ends, eglandiilar, 
connate at base only, glabrous ; stamens 3, about 1.4 mm. long, the filaments 
white, anthers yellowish; pistillate florets: short-pedicellate; sepals 3, 
brown, obovate, about 1.9 mm. long and 0.9 mm. ivide, subacute at apex, 
densely villous on the back with a conspicuous tuft of white erect hair at 
the apex; petals 3, hyaline, free, elliptic, about 0.9 mm. long and 0.4 mm. 
wide, very densely tufted-villous on the back ; pistil about 1.2 mm. long ; 
styles, stigmas, and style-appendages 3 each; ovary minutely puberulent. 

Colombia-— NORTE de santander: Paramo del Hatieo, en route from 
Toledo to Pamplona, alt. about 2900 m., E. P. Killip & A. C. Smith 20,622, 
March 12 or 13, 1927, type; in the United States National Herbarium at 
AA^ashington. 
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Paepalanthiis viscosus Moldeiike, sp. iiov. Herba pereiiiiis ; caiile teiiui 
dense folioso bifureato; foliis linearibus viseidis villosis giabreseeiitibiis ; 
vag'inis adpressis albido-villosis giabreseeiitibiis, ad apicem oblique lobatis ; 
pediineiiiis filiformibus stramineis 2-eostatis densiusciile piloso-pubescenti- 
bus ; capitiilis griseis. 

Perennial herb ; stems slender, 1-3 cm. long, apparently creeping, root- 
ing at the nodes, very leafy, bifurcate ; leaves olivaceous, linear, viscid, 5-10 
mm. long, 0.5 mm. wide or less, blunt at apex, shaggy-villous when young 
and toward the base, giabrescent in age,^ closely imbricate and appressed to 
the stems when young, more divaricate in age, 1-nerved, often canalieiilate, 
not fenestrate ; sheaths narrow, closely appressed to the peduncles, 6-12 mm. 
long, white-villous with long divergent hair, giabrescent in age, its inoutli 
very obliquely lobed, the lobe narrow-lanceolate, about 2 mm. long, slightly 
divergent, acuminate ; peduncles very slender or filiform, stramineous dur- 
ing 'anthesis, later brunnescent, 2-costate, hardly twisted, 4-7 cm. long, 
rather densely pilose-pubescent; heads gray, hemispheric, 2-4 mm. wide; 
involucral bractlets stramineous, ovate, about 0.7 mm. long and 0.4 mm. 
wide, acute at apex, glabrous; receptacle densely long-villous ; receptaeular 
bractlets oblong, about 1.4 mm. long and 0.5 mm. wide, obtuse at apex, stra- 
mineous in the center, hyaline at the margins, tufted- villous at the apex on 
the back ; staminate florets : short-pedicellate ; sepals 3, connate at the very 
base only, obovate, about 1 mm. long and 0.5 mm. wide, rounded at apex, 
cuneate at base, tufted- villous at the apex on the back; petals 3, connate 
into a hyaline, hollow, eglandular, glabrous, minutely 3-lobed tube ; stamens 
3, about 1 mm. long, white; pistillate florets: short-pedicellate; sepals 3, 
connate at the base only, stramineous, obovate, about 0.9 mm. long and 0.4 
mm. wide, glabrous except for 2 or 3 erect villous hairs at the apex (or 
densely tufted) on the back; petals 3, free, hyaline, narrow-elliptic, about 1.2 
mm. long and 0.3 mm. wide, acute at apex, tufted-villous on the back at the 
apex ; pistil about 1.2 mm. long ; styles, stigmas, and style-appendages 3 each ; 
ovary glabrous. 

Surinam : Sandrij I, Williani Andrew Archer 2886 between November 14 
and 25, 1934, type ; in the United States National Herbarium at Washington. 
The collector describes the leaves as sticky. 

Syngonanthus caulescens (Poir.) Ruhl. var. angustifolius IMoldenke, 
var. nov. Haec varietas a forma typica speeiei recedit foliis longioris an- 
giistioris 2-3.5 cm. longis, 0.5-2 mm. latis, ad apicem attenuatis argute acutis. 

This variety differs from the typical form of the species in its uniformly 
longer and narrower leaves, which are 2-3,5 cm. long and 0.5-2 mm. wide, 
gradually attenuate to the sharply acute apex. 

Colombia: Los Llanos, Meta, in a bog about 20 km. south and 30° west of 
Orocue, alt. about 150 m., Oscar Haught 2747, April 9, 1939, type ; in the 
Britton Herbarium at the New York Botanical Garden. It is said to be a 
common herb in bogs of the Llanos region. The typical form of the species 
is well represented by Eaicglit 2365 from Magdalena. 

Syngonanthus caulescens (Poir.) Ruhl. var. procerus (Klotzsch) 
Moldenke, comb. nov. Paepalanthiis procerus Klotzsch in Schomb., Raise in 
Brit. Guian.3: 1115. 1848. 

The New York Botanical Garden, 

New York, New York. 
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OLPIDIOPSIS ACHLYAE SP. NOV. (AD INT.) 

D. A. McLaety 
(with eighty-one figures) 

INTRODUCTION 

Sexuality in the Chy tridiales was first demonstrated by Cornu (1872) in 
tlie formation of Oljndhpsis resting* spores. This fusion of thalli of unequal 
size has stimulated the interest of many mycologists and has led to the view 
that members of this genus may be ancestral to the Saprolegniales. Pew criti- 
cal observations, however, have been made on resting spore formation in any 
of tliese species. Life cycle studies and observations on plasmogamy in the 
formation of resting spores have been made by Reinscli (1878), Pischer 
(1880, 1882), Dangeard (1890), Maurizio (1895), Butler (1907), and others 
for various species of Olpidiopsis. The most complete cytological study which 
has been made on this genus, however, Avas published by Barrett in 1912. 
His studies include observations on the penetration of the host and the de- 
A^elopmental stages of the zoosporangia and resting spores in three species of 
Olpidiopsis. He has demonstrated that the male and female thalli are multi- 
nucleate when plasmogamy occurs and states that the resting spore, at matu- 
rity, contains many small nuclei. His illustrations of these stages, hoAvever, 
leave much to be desired. Moreover, he has not demonstrated the fate of the 
supernumerary male nuclei which may enter the female thallus from several 
smaller thalli nor has he shown conclusively that karyogamy occurs in the 
formation of the so-called sexual resting spores. At that time sexuality Avas 
looked upon as a Avell developed, constant feature in Olpidiopsis species and 
this may have influenced somewhat Barrett’s interpretation of certain paired 
nuclei Avliich he observed and illustrated. 

Inasmuch as karyogamy in the incipient resting spores of Olpidiopsis has 
not been proven, the true significance of plasmogamy, Avhich has been so 
often observed and discussed, and the importance of Olpidiopsis species in 
taxonomic considerations remain uiiknoAvn. Gonsequently, a general cytologi- 
cal study of 0. AcMyae has been made AAuth particular reference to the for- 
mation of its sexual and asexual resting spores. 

75 
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As reported in a previous paper (MeLarty 1941), ciiltures of Achyla 
^ fiageUatay parasitized by 0. Achlyae^ Avere niaintained on boiled hemp seeds 

ill sterile charcoal water. Consecutive stages in the penetration of the host 
and the subsequent development of zoosporangia and resting spores were 
studied from the living material in hanging-drop cultures. 

For the study of the highly refractive material which is commonly pres- 
ent in the thalli of 0. Achlyae at all stages of development, osmic acid, Sudan 
III, xylene, and acetone were used, while the cell walls were tested for cellu- 
lose with zinc chloroiodide and Gram’s solution accompanied by sulpliurie 
acid. 

For cytological study of fixed and stained material entire hemp-seed eiil- 
tures were killed in a variety of standard fixatives at full strength and in 
various dilutions. Dilute fixatives used for 48 hours gave the best results. 
Flemming’s strong and medium solutions diluted to one quarter and Flem- 
ming’s AA^eak diluted to one half Avere most AAudely used. NaAvasehin’s fixative 
gave the best fixation of the host protoplasm. The material aa’Rs embedded in 
paraffin, and sections Avere cut 2~4 q thick and usually stained Acith Heiden- 
liain’s haematoxylin and Flemming’s triple stain. Although the former Avas 
useful ill the study of the zoosporangium, it Avas necessary to rely entirely 
upon the trijile stain to differentiate the structures and inclusions of the 
resting spores. 

observations 

The Structure and Germination of the Zoospore. When in motion the 
zoospore is oval, sometimes reniform in shape, and possesses tAVo eciiial 
flagella AAdiicli are laterally attached near the anterior end (fig. la, Z), r). .In 
SAcimming the spore travels Avitli a slight SAA^aying motion as it turns over on 
its axis in a fashion similar to that described for zoospores of Thraustotheca 
clavata nnd Pythiella vernalis by 'Weston (1918) and Couch (1935), respec- 


Explanation of figures 1 - 18 . 

Pig. 1. Zoos]3o.res drawn from living material show^ing refringent glolDules and 
vacuoles in finely granular protoplasm; a-e, zoospores in motion; cl-g, zoospores at rest 
showing the changes in shape, retraction of flagella, and amoeboid movements w'liieli may 
occur. X 1730. Pigs. 2-5. Progressive stages in the penetration of the host by the zoo- 
spore and the entrance of the parasite thallus into the host protoplasm, x 1730. Figs. 6-8. 
Progressive stages in the penetration of an encysted Achlya zoospore by three 0. Achlyae 
zoospores. Spore e failed to liberate its contents. Fig. 9. A degenerated Achlya zoospore 
wdiich had begun to germinate in water and into Avhich four 0. Achlyae zoospores had 
penetrated. Pig. 10. A germinating 0. Achlyae zoospore Avhose penetration tube failed 
to enter the host cell. Pig. 11. 0. Achlyae zoospores germinating in water in the vieinity 
of Achlya filaments, x 1730. Pigs. 12-15. Progressive amoeboid-like changes in shape 
brought about in a very young thallus by the streaming of the host protoplasm, x 1270. 
Pigs. 16-17. Y'oung thalli suspended in the peripheral layer of host protoplasm, x 540. 
Pig. 18. Two slightly older thalli which have taken up a more or less fixed position in the 
tip of ‘All Achlya filament and have begun drawing the host protoplasm about them. Some 
localized sw^elling of the Achlya filament is evident, x 540. 
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tivehc Upon coiniiio* to rest, even momentarily, the zoospore tends to assume 
" a spherieal shape (fio;. Ic, e) and at such time the attachment of the flagella 
at one point can often be observed in living material, although treatment 
witli GranUs solution or osmic acid is often needed to bring out these details 
sharply. The protoplasm of living zoospores appears faintly brown and 
slightly granular, with one or several highly refractive, small bodies which 
give a brilliant fat reaction wdth Sudan III. In some cases a refringent body 
is visible at the base of the flagella, as Barrett (1912) has reported. 

Zoospores wliich have been fixed and stained (figs. 44, 45) contain soine- 
wliat vacuolate, slightly granular cytoplasm. The most prominent structure 
in the spore is the large resting nucleus with a prominent central nucleolus. 
Fairly dense regions in the cytoplasm probably represent remnants of oil 
bodies. 

As the zoospores escape from the mouth of the exit tube they swim directly 
away without showing any tendency to encyst as do the spores of Ectrogella^ 
xiphanomyco 2 )siSy FyikieUa, Achlya, etc. After an active period varying from 
a few minutes to one-half hour the spores may come to rest, round up, and in 
many cases retract their flagella (fig. Ic, /, g). After a period of a few or sev- 
eral minutes, during which the zoospore may assume various shapes (fig. 1/, 
g, /? ), it regains its spherieal shape, the flagella reappear without cliange in 
position, and the spore swims away. Although one or more rest periods may 
occur during the motile existence of the si3ore, diplanetism does not seem to 
be as well defined in 0. AcMyae as in other members of Olpicliopsis (Butler 
1907; Barrett 1912). So far encystment of the type found in diplanetic 
Oomycetes has not been observed in this species. It wms originally suggested 
by Butler (1907) that this occurrence of a period of rest during the swim- 
ming period of the zoospores of Chytrideaceous species may represent primi- 
tive diplanetism. Supporting this viewpoint, Atkinson (1909) considers 
diplanetism in certain species of the Chytridiales and Lagenidiales (Karling 
1939) to be strong evidence of phylogenetic relationships between tlie higlier 
Oomycetes and these simpler fungi. The recent discovery of diplanetism in 
EctrogeUa, Aphanomycoiysis, and Pythiella by Scherffel (1925) and Coueli 
(1935) helps to complete the diplanetic series through Lagenidium and 
Myzocytium (Zopf 1884) to species of Pythmm (de Bai*y 1860) and the 
higher Oomycetes. At any rate these periodic pauses probably allow the spore 
to remain viable over greater periods than would otherwise be possible. 
Zoospores of 0. AcMyae have been known to remain viable in sterile charcoal 
for 48 hours. 

After swimming for an hour or occasionally for a much longer period, 
the zoospore settles down on the surface of the host, retracts its flagella (fig. 
2), and after exhibiting amoeboid motion for several minutes, rounds up and 
becomes invested by a definite wail. The protoplasm becomes greyish and 


1941] 


MCLARTY: OLPIDIOPSIS 


79 


soniewliat more graiiiilar, and within an hour or less the spore iiirei-t the 
host or die. A very fine penetration tube is formed at the ]>oint of coiitaid 
with the host (fig*. 3), elongates, and usually raises the zoospore slightly from 
the surface of the host. Penetration appears to take ])la('e b\' ioc-al dissoiution 
of the host Avail rather than by mechanical action. It is not possible to view 
the passage of the spore protoplasm through the penetration tube but, under 
favorable conditions, the movement of the protoplasm out of the spore ease 
and its emergence from the broken end of the exit tube may be observed 
(figs. 3, 4). After remaining attached for a feiv minutes, the tiny, slightly 
Auicuolate thallus is carried aivay in the streaming host protoplasm, Avhere 
it may be A^isible for a time before the refriiigent bodies of the host surround 
a.nd obscure it from vieiv (fig. 5). 

Fischer (1882) suggested that the host may secrete some substance by 
Avhich the zoospores of the parasite are either repelled or attracted. Zoospores 
of 0. Achlyae^ germinating in AA^ater near Achlya filaments, sIioaa^ no ten- 
dency to orientate their penetration tubes in the direction of the host. More- 
over, abortiAm penetration tubes have frequently been found groAving into 
empt}^ zoosporangia of the host, AA^iile zoospores in contact Avith the host may 
produce long penetration tubes AAdiich fail to penetrate (fig. 10). This does 
not appear to be due to rigidity of the AA-all of the filament, for penetration of 
encysted zoospores of the host by 0. Achlyae spores has often been obserAuvi 
(figs. 6-8). 

So far it has been impossible to germinate the zoospores on any artificial 
medium. Spores Avere often observed, hoAveAmr, germinating in water in the 
vicinity of Achlya filaments (fig. 11), producing long, slender, simple or 
braiiched penetration tubes Avhich failed to open. Some such spores (fig. 11c) 
appear similar to germinating spores of Diplophlyctis^ Eiitcyphlycth^ Nephro- 
chyiriumy and Endochytriimi (Karling 1930, 1931, 1938; Hillegas 1940). 
In the limited number of indiAuduals observed in 0. Achlyae it Avas impos- 
sible, liOAveA^er, to determine AA’-hether or not the nucleus migrated into this 
sAvelling on the germ tube as it does in the species referred to above. 

Development of the Zo()sporangnini. About ten hours after penetration, 
the young thalli become readily visible as rather hyaline bodies of the definite 
shape, in the peripheral protoplasm of the host. Their protoplasm is very 
faintly granular and a fcAV highly refractiA^e bodies, which stain brilliant red 
Avith Sudan III and blacken AAuth osmic acid, are usually Ausible (figs. 16, 17). 
At this early developmental stage no structural, cellulose AA^all could be 
demonstrated by plasmolytie methods or by treatment Avith zinc chloroiodide. 
The thalli, lioweA^er, are surrounded by a definite membrane Avhich sharply 
outlines the parasite and makes it clearly distinguishable from the host pro- 
toplasm. The shape AAhich these .young thalli assume foreshadows that of the 
mature sporangium. In this regard the thallus differs markedly from that of 
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Woronina species (Cornu 1872; Fischer 1882 ; Cook and Nieholsoii 1933 ; and 
otliers) in which the plasinodium has been described as being naked and 
quite indistingnishable from the host protoplasm. The formation of zoo- 
sporangia from inoiiospore infectionSj moreover, shows conclusively that 
plasmodia are not formed in 0. Achlyae by the fusion of several tlialli within 
the liost cell This confirms the belief of Fischer (1882) and Barrett (1912). 

During these early stages of development the thalli behave as passive 
inclusions in the host and may be carried back and forth in the streaming 
protoplasm. Depending apparently upon the activity of the host protoplasm, 
the tlialli may develop near the point of infection or they may be carried 
along and aceumulated in localized terminal or intercalary swellings (figs. 
18, 19). Fischer (1880), Diehl (1935), and others have maintained that very 
young thalli of Olpidiopsis species may exhibit amoeboid motion. No indica- 
tion of such activity on the part of young thalli of 0. Achlyae has been 
found. Some which remained stationary against the wall of the filament 
while the host protoplasm streamed rapidly by, exhibited rapid changes in 
shape and became momentarily elongated in the direction of the flow (figs. 
12-15). 

When the thalli could be seen clearly, it was obvious that tliese movements 
were entirely passive and due to tensions set up by the streaming host proto- 
X)lasm. 

As the thalli increase in size the fatty bodies increase in number and in 
size and impart a granular, yellowish appearance to the protoplasts whicli, 


Explanation of figures 19-35. 

Figs. 19-29. Progressive stages in the development and maturation of two 0. Achh/ae 
zoosporangia, x 630. Fig. 19. Two incipient zoosporangia of 0. Achlyae eontainiug nu- 
merous, irregular fatty masses. Figs. 20-21. Progressive stages in the dispersal of the 
fatty masses and the concomitant formation of vacuoles in the thalli. Fig. 22. Coalescence 
of smaller vacuoles to form larger central vacuoles; exit tube of sporangiiim A is indicated 
by a sliglit protuberance. Fig. 23. Sporangia with homogeneously graniilar protoplasm 
showing the vacuolar transformations which occur. Fig. 24. Formation of centrifugal 
eleavage furrows at x and y. Fig. 25. Sporangium A containing zoospore initials sur- 
rounding irregular vacuolar areas. Fig. 26. Sporangia in the homogeneous stag(‘ follow- 
ing eleavage during which the lines of demarkation between zoospore segments are invis- 
ible; the vacuole-like spaces have regained their even margins. Fig. 27. The reappearaucc 
of the zoospore segments by a rounding up of the individual initials. Fig. 2S. Zoosjioi-es 
preparing to swarm within the sporangium following the clisappea ranee of tire vacuo le-likt* 
spaces. Fig. 29. Mature zoospores swimming out through the ruptured exit tube of 
sporangium A; sporangium B, in the homogeneous stage, is undergoing a ]n‘riod of rest. 
Fig. 30. Incipient zoosporaiigia, in the early vacuolate stage, developing line bi-istles on 
their surfaces. x540. Figs. 31-32. Very young uninucleate thalli of C. Achlyae .staiiual 
with haematoxylin. X 1660. Fig. 33. Three young thalli of the parasite floating freely in 
the host protoplasm ; lines of flow indicate that the latter was actively streaming when 
fixation took place, x 1660. Fig. 34. A slightly older sporangium staiiu'd with haema- 
toxylin showing resting nuclei suspended in finely granular protoplasm which exhibits irre- 
gular spaces which were occupied by fatty masses in the living condition, x 1660. Fig. 35. 
A portion of a sporangium which was fixed in an early stage of vacuole formation, x 1660. 
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at tlie same time, become surrounded by a membrane wliieh gives a positi\T 
^ celliilose reaction with zinc chloroiodide. In the meantime the host filament 
usually becomes enlarg-ed around the thalli, and the host protoplasm be- 
comes highly vacuolate with radially arranged eytoplasmie strands (figs. 18, 
19) connecting the peripheral host protoplasm with the dense layer of de- 
generating protoplasm immediately surrounding the parasite. As the thallus 
continues to grow streaming of the host protoplasm may be observed and 
graniiles may be seen flowing in toward it from all sides. Finally all the vis- 
ible liost protoplasm is absorbed by the thallus. Within the parasite the re- 
fringent bodies gradually become broken up and appear as oily droplets 
suspended in a more homogeneous protoplasm. At this stage of development, 
small vacuoles make their appearance in the thallus (fig. 20). As these 
vacuoles become more distinct they begin to coalesce, wliile tlie dispersion 
of the fatty material becomes more complete. At this stage the protoplasm of 
tlie parasite appears granular and light brown in color, owing to the small, 
fatty bodies dispersed throughout it. Sudan III when applied to such tliarii 
stains the protoplasm brick-brown. Cook and Nicholson (1933) demonstrated 
that fatty material in Woronina ’polycystis became converted into proteins at 
this stage. Millon’s reagent, however, failed to indicate a similar condition in 
0. Achlyae. 

Up to this point the elaboration and dispersion of fatt^^ material in tlie 
sporangia of 0. Achlyae is essentially similar to what has been described in 
most ehytrid species. In the latter, however, coalescence of the droiilets 
occurs before cleavage takes place. Consequently the protoplasm becomes 
hyaline and each zoospore receives one large refringent globule. In 0. Aehlya, 
as well as in other members of the genus and in Saprolegniaceous species, the 
refringent bodies do not coalesce and, as a result, when zoospore initials are 
delimited, each one includes several tiny droplets which impart a granular 
appearance to the protoplasm. 

Further developmental stages of these two thalli were observed and illus- 
trated at various time intervals (figs. 21-29). At 10: 00 p.ni. vacuoles were 
clearly visible in the thalli (fig. 21). Fusions between vacuoles oeeurred until, 
at 10:16 p.m., the thalli appeared as illustrated in figure 22. At the same 
time the rudimentary exit tube made its first appearance on sporangium A 
as a small, hyaline protuberance and began to grow toward tlie liost wall. 
Fifty minutes later the vacuoles began to undergo changes in shape (fig. 23) 
which eontinued for fourteen minutes before the cleavage furrows began to 
run out from the vacuoles to the plasma membrane (fig. 24g, y). 

At this point our observations differ from those of Schwarze (1922) for 
0. Baprolegniae in that the spaces previously occupied by the vacuoles did 
not disappear when the cleavage furrows cut through the plasma membramc 
Coiisequently, for about one minute following the completion oi' clea\'age. 
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the zoospore initials remained faintly visible flankiny the irregular vacuolar 
spaces (fig*, 25 A). Then, as the protoplasm became hoinogeneoiisly gran- 
ular and someAvhat oleaginous, the outlines of the zoospore initials disap- 
peared and the Auieuole-like spaces regained their even contours (fig. 26.4, 
B ) . During the process of cleaimge there Avas no indication of loss of water or 
fatty material from the spore segments comparable to what Hai'per, Bold, 
and others describe. The disappearance of the lines of demarkation, lioAveAmr, 
is probably due to increase in size through rehydration as Harper (1899, 
1914), ScliAvarze (1922), and Karting (1937b) haA-e described. 

While these developments AA^ere taking place Avithin the sporangium, the 
exit tube continued to groAv until it came in contact Avith the host Avail (fig. 
24). Subsequent groAvth of the tube caused the sporangium to shift its posi- 
tion in the filament although the latter remained free in the hyp ha and did 
not become lodged against the opposite Avail. Consequently, the tip of the 
exit tube could not exert pressure on the host Avail. Piirthermore, no appres- 
sorium-like attachment organ, which might have alloAved the tube to pierce 
the filament mechanically, AA^as observed. The host Avail appeared to dissolv'e 
at the point of contact Avith the exit tube and the latter moved through to 
assume the position sIioaaui in figure 254. 

Sporangia in the condition illustrated in figure 264, B mav" iindergo a 
prolonged rest period before liberating their zoospores. That the segments do 
not become confluent during this rest period, as Biisgen (1882) and Butler 
(1907) believed, may easily be demonstrated by slightly plasmolyzing spor- 
angia in this condition. 

After a rest period of 43 minutes the spore segments became visible 
again (fig. 27). TAventy minutes later the vacuole-like spaces suddenly dis- 
appeared and the spores, becoming someAvhat larger and assuming their ma- 
ture shape, began to SAA^arm in the sporangium (fig. 28). After a SAvarmiiig 
period Avhich lasted only for three minutes the tip of the exit tube burst and 
the zoospores emerged fully formed and swam aAvay (fig. 294). The spores 
may SAvarm in the sporangium for thirty minutes or more. 

The first spores to leave the sporangium seem to be forcefully ejected, by 
pressure Avithin it sufficient to burst the exit tube and to expel an initial mass 
of spores a considerable distance from the end of the exit tube. It has been 
noticed that bacteria tend to accumulate around the tips of iieAvly opened 
exit tubes and subsequently to infest the empty sporangia. This suggests the 
presence of some attractive, hyaline osmotic fluid in Avhieh the spores have 
been bathed. Karling (1937a) obserA^ed similar hyaline material aceonipaiiy- 
ing the zoospores of Eiidochytrium opercukitiim as they emerged from the 
sporangium. 

As has been pointed out aboA^e, the piercing of the plasma membrane by 
the cleaAmge fiirroAvs in sporangia of 0. Achlyae does not lead immediately 
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to tile loss of the Yaeuolar sap and the consequent disappearance of the 
r vacuoiar spaces. Bold (1933) likewise illustrates a vacuole-like space sur- 
rounded bv miiltiuucleate segments of protoplasm which have been cut out 
by the primary cleavage furrows in Protosiphori botryoides. As is shown in 
figures 41 and 42 from stained material, neither a continuous plasma mem- 
brane nor a tonoplast bounding the vacuole-like spaces is demonstrable after 
cleavage has been completed. In spite of this, the sporangia of 0. Achlyae 
have been found to maintain their size and, when the zoospores are liberated, 
have shown evidence of osmotic pressure within the sporangium. 

When hxed and stained, the protoplasm of young, uninucleate thalli ap- 
pears finely granular and rather vacuolate (figs. 31, 32). In figure 33 a uni- 
nucleate and a binucleate thallus are shown, with a larger thallus with six 
nuclei which is presumably an eight-nucleate stage two of whose nuclei lie 
in another section. This appears comparable to the thalli shown in figures 16 
and 17. Although the margin of the thallus is Avell defined no structural wall 
is present at this stage of development. The protoplasm of the parasite ap- 
pears to be fairly vacuolate even though no vuicuoles are discernible in the 
living thalli at this stage. The irregular shape of these vacuole-like spaces, in 
conjunction with observations on living material, suggests that they merely 
represent the spaces left in the j)rotoplasm as a result of the dissolution of 
the fatty material by the fixing agents. A slightly older tliallus, probabli' 
comparable to those shown in figure 19, is illustrated in figure 34. The thallus 
now has a definite cellulose wall and the finely reticulate protoplasm con- 
tains many irregular vacuole-like spaces which are ])resumably caused by 
the distortion and dissolution of the fatty masses during tlie process of fixa- 
tion. This is probably the highly vacuolate stage which Dangeard (1890) 
describes for 0. Saprolegniae. A stage which is probably comparable to that 
shoAvn in figure 21 is illustrated in figure 35. The high degree of dispersion 
of the fatty bodies at this stage of development undoubtedly pixu'ents the 
distortion of the protoplasm in the course of fixation. Numerous nuclei and 
clearly defined vacuoles are present in the finely reticulated protoplasm. A 
later stage, in which all the vacuoles have fused to form a single, large, cen- 
tral vacuole, is shown in figure 37. Judging by tlie rather uniform distribu- 
tion of the nuclei throughout the reticulate protoplasm, sporangia in this 
condition are ready to undergo cleavage. In large sporangia with relatively 
small central vacuoles, primary cleavage furrows may first cut out large 
multinucleate masses (fig. 38) as in Synchytrinm deciplens, Pilobolus 
CrystalUnis^ Bidymium melanospermimi (Harper 1899, 1914) and Proto- 
sipkon boiryoides (Bold 1933). Later uninucleate protoplasts are delimited 
by secondary furrows. The failure of Schwarze (1922) to believe that such 
multinucleate masses may be delimited may be due to the fact that he ob- 
served cleavage in small thalli similar to those shown in figures 39 and 40. 
It is to be noted in figure 38 that the nuclei are in the process of division. 
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A rsinaller sporangium with a single large central \'aciiole is sliowii in 
figure 39, in wliieli cleavage furrows are evident, arising at the tonoplast as 
broad V-shaped clefts between pairs of nuclei. At a slightlv later stage (fig. 
40), the centrifugal furrows have reached the plasma inembraiie. The uni- 
nucleate segments, bordering the vacuolar space, gi\'e the latter a scalloped 
margin similar to that in figure 25dL. Sporangia fixed during the rest period 
which follows cleavage are illustrated in figures 41 and 42. Angular, uni- 
nucleate segments surrounding clear areas, which are eomparable in position 
to the vacuoles of younger thalli, are clearly evident although no tonoplasts 
or plasma membranes are discernible. It is to be noted that in his Figure 39, 
Plate 24, Barrett (1912) has illustrated a similar condition although he does 
not mention the absence of the tonoi;)last and describes it simply as a ^ A^aciio- 
late resting condition. ^ ’ 

After this period of rest, the segments shrink and suddenly reappear as 
dense masses of protoplasm. If the earlier stages had not been observed, this 
phenomenon might give the impression of simultaneous cleavage. Tlie errone- 
ous reports b.v Barrett (1912) and others of cleavage of this type may be due 
to a misuiiderstanding of this stage. When the vacuole-like spaces disappear, 
the initials enlarge, become somewhat vacuolate (fig. 43), develo].) flagella, 
and begin swarming in the sporangium. 

Nuclear Divisioii. Nuclear division in 0. Aehlyae is mitotic and, as in 
the sporangia of most of the lower fungi which have been cytologically in- 
vestigated, is simultaneous (figs. 37, 75). In the resting condition the nuclei 
are spherical or sligldJy oval and contain a centrally placed, deeply-staining 
nucleolus (fig. 46). Nuclei containing definite nucleoli do not usually exhibit 
chromatin reticula similar to those described by Karling (1937b) in Clado- 
ehytrium replicatuni. Delicate strands, which with Pleniniing ’s triple stain 
appear blue in contrast to the brilliant red of the nucleolus, have often been 
observed radiating out from irregular shaped or vacuolate nucleoli (figs. 47- 
49). In some nuclei with definite, radiating reticula, dense, blue-staining seg- 
ments have been observed in the periphery of the nucleoli (fig. 49). 

These observations suggest that the nucleolus in this species functions as 
a storeliouse of chromatin like that which has been described by Wager 
(1913). Curtis (1921), Kusano (1907a, 1907b, 1930) in Polyphagus 
Engle nae^ Bynchyirmm endolioiicitm, S. Pueriae, and S. f ttlgens. Although 
definite extrusions, similar to those described by Miss Curtis, have not been 
seen, the orientation of the chromatin net work upon, the iiucleolus, the 
vaeiiolation and differential staining properties of the latter, together with 
the early disappearance of the nucleolus during mitosis suggest, at least, a 
close association of the latter with the formation of the chromosomes. In 
CladocJnjtriiim repUcatum (Karling 1937b) and Endochytrium opercu- 
lafuni (Hillegas 1940) the nucleolus has been found to persist well through 
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the metaphases, apparently taking little or no part in the elaboration of tlie 

cliroiiiosoiiies. 

The appearance of radiating chromatin threads has been taken to indi- 
cate the beginning of the prophases. In later stages the chroniatin is eviilent 
as globular (figs. 50, 52) or rod-like masses (fig. 51) distributed througboiit 
the karyoplasm. In late prophase the nucleolar material is iisnallY absent. 

Concomitant with the formation of the ehromosomes is the production 
and division of a eentrosome-like bod.y similar to that described by Harper 
(1895, 1905) for Erysiplie and Phyllactinia (fig. 50, 53-57). The chroniatin 
material, hoAvever, has shown no tendency to be orientated upon these liodies 
nor has any marked development of astral radiations been obsein'ed ( fig. 56). 

The ehromosomes, at the close of the prophases, become arranged in a 
ring about the margin of the equator of the spindle. In some nuclei this 
arrangement is evident in profile views of the metaphases (fig. 62), but most 
commonly the chromosomes are crowded together and appear as a dark line 
(fig. 61). At this stage the nucleus becomes somewhat elongate and tlie 
centrosomes at the poles of the spindle are clearly evident. 

Explanation of figures 36-67. 

Fig. 36. A small sporangium containing five nuclei, two of wliicli are unusually large. 
X 1655. Fig. 37. A sporangium nearing maturity witli a single large vacuole and reticu- 
late protoplasm with numerous, rather evenly spaced nuclei, x 1655. Fig. 38. Primary 
cleavage furrows delimiting multiniicleate x->i‘ofoplasmic masses, x 1170. Figs. 3h-4(). 
Small si^orangia stained with Flemming’s triple stain showing the origin of tlie cleavage 
furrows at the tonoplast and their progressive centrifugal development out to tlie plasma 
membrane, x 1655. Figs. 41-42. Zoosporangia which were fixed during the homogeneous 
stage and stained with haematoxylin. xllZO. Pig. 43. Incipient zoospores of 0. Jc/dyuc 
fixed within the sporangium and stained with Flemming’s triple stain to show distinct 
chromatin masses scattered throughout the nuclei; nucleolar material is preseiir only in 
zoospore A. x 2150. Figs. 44-45. Mature zoospores of 0. Achlyae witli cons]>ieiious 
nucleoli within the nuclei and very little chromatic material, x 2150. Fig. 46. .Kestiiig 
nucleus of 0. Achlyae with a prominent central nucleolus surrounded l)y hyaline karyo- 
plasm. x3100. Fig. 47. An early prophase stage with an irregular nucleoh' fruni which 
faint chromatin strands radiate, x 3100. PiG. 48. A prophase stage showing a chromatin 
network surrounding a vacuolate nueleole. x 3100. Fig. 49. A prophase stage staiiird with 
Flemming’s triple stain showing chromatin material surrounding a ruby red niudedus in 
which blue crescentic chromatin masses are evident, x 3100. Figs. 50-51. Prophasr-^ with 
spherical and rod-like chromatin masses, respectively, without nucleolar material; a single 
central body is present on each nuclear membrane, x 3100. Fig. 52. A prophnse stage 
showing six chromatin masses and two polar bodies on the nuclear membrane. .‘Uno. 
Figs. 53-55. Stages in the division of the central body and the migration of tlie <la lighter 
bodies to the poles of the nucleus, x 3100. Fig. 56. A prophase stage showing polar bediiks 
with a few astral rays, x 3100. Fig. 57. A nucleus with central bodies arriving at tin- iioh's 
and with scattered chromatin masses. X 3100. Figs. 58-59. Polar views of equatorial itiate 
stages with six chromosomes arranged in a ring, x 3100. Fig. 60. Polar view of aii ecpia- 
torial plate stage showing six elongate chromosomes, x 3100. Figs. 61-62. Prolih' vi./ws of 
equatorial plate stages showing central bodies at the poles of the spindle, x Mloo. Fiu. 63. 
An early anaphase stage; a central body is shown at one pole of the spiiidha .‘IIOO. 
Figs. 64-66. Progressively later anaphase stages, x 3100. Fig. 67. Late ana})hasi- sh*Aviug 
the elongate spindle with what appears to be a remnant of the nuclear iiiembraut- :o one 
side. X 3100. 
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111 polar views of the metaphases (figs. 58-60) six ehroinosoines in a ring 
% have often been observed. In all favorable preparations studied so far the 
chroinosoine number has been constant and the same as the eoiiiit wliich 
Barrett (1912) made for the chromosomes of 0. vexans. No indication of 
reduction division has ever been encountered throughout this investigation. 
It is probable that reduction division in Olpidiopsis species takes place at 
the time of germination of sexual resting spores. 

The earliest anaphase which has so far been observed, is illustrated in 
figure 63 and the chromosomes, which have separated slightly, form two 
parallel lines near the equator. Later anaphase stages are shown in figures 
64-67. Barrett (1912) found that the nuclear membrane in 0. vexans 
disappeared during the late anaphase stages. The achromatic spindle in such 
case would be intranuclear in origin as in most chytrid species which have 
been examined. In 0. Achlyae the nuclear membrane may be rather indis- 
tinct in the metaphases but the nuclear area is sharply set apart from the 
surrounding cytoplasm. Although fragments of the membrane may be pres- 
ent during the anaphase stages (fig. 67) the breakdown of the nuclear mem- 
brane in 0. Achlyae apparently takes place during the late metaphase stages. 
In the late anaphases the spindle becomes much more elongate (fig. 67), 
forcing the masses of chromatin farther apart. This elongate spindle seems 
to be typical of the lower fungi and has been described by Blackman (1904) , 
Barrett (1912), Wager (1913), Dodge and Gaiser (1926), Karling (1937?)) 
and others for various species of chytrids, smuts, and other fungi. 

The formation of the daughter nuclear membranes in the telophases was 
not observed nor were the stages of interphase reorganization of the nuclei 
followed. It was found, however, that the nuclei in cleaving sporangia (figs. 
39, 40) and in zoospore segments (figs. 41, 42) were uniform in their internal 
organization and appearance. It was assumed that these are the daughter 
nuclei of the final nuclear divisions in the sporangia and that they represent 
telophasic reconstruction stages. In all such 23reparations studied, the nuclei, 
when stained with Flemming’s triple stain, exhibit ehromatin masses about 
the inner margin of the nuclear membrane wuth some scattered strands 
traversing the nuclear cavity (figs. 39-42). No nucleolar material has been 
observed in any preparations of sporangia in these stages of development. 
The nuclear organization in immature zoospores (fig. 43) is similar to tliat 
just described although (fig. 43A) indefinite bodies which take a faint 
safranin stain have been observed in the nuclei of zoospores which had been 
fixed while still in the sporangium. Mature zoospores (figs. 44, 45) usually 
contain nuclei with large, central nucleoli and little, if any recognizable 
chromatin material. These appearances suggest that the reorganization 
stages are the reverse of the prophases and that the chromosome substance 
becomes largely transformed into a nucleolus as Bally (1911), Kusano, and 
Miss Curtis have described for species of 8y7ichytrmm, 
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Develop Dient of the Besting Spore, The early ([(na-‘l(jpmeii.tal stages of 
the iiieipieiit resting-spore tlialli appear to be identiral Avitlx those of the 
zoosporangia, and it is not until the former have attained eonsiderable size 
that they are distingnishable. In figure 68 a swollen filaineiit eontainiiig tAvo 
female tlialli, one small male cell, and tAvo ineipient zoosporangia is illus- 
trated. The female tlialli are filled almost completely Avith eonspicuons, 
highly refracth^e bodies and are consequently recognizable. The male cell, 
hoAvever, is distinguishable from the zoosporangia only Iia^ virtiie of its 
association with the female thallus. 

At this stage, preAdous to the deposition of the exospore, the highly 
refractwe bodies in the female cells stain brilliant red Avith Sudan III, thus 
indicating their fatty nature. 

In fixed and stained material the female cells are easily recognized by 
their staining reactions. Varying numbers of spherical bodies, apparently 
the stroma of fatty masses, are present in tlialli fixed at a fairly early stage. 
These bodies, AAhich usually stain brilliantly Avith crystal violet, are absent 
in zoosporangial tlialli. With Flemming’s triple stain these bodies have a 
translueency Avhich sets them apart from the remaining contents of the 
tlialli, Avhile Avith Heidenhain’s haematoxylin they shoAV greater affinity for 
the stain and consequently render the preparation difficult if not impossible 
to study. 

A stained preparation of a young female thallus, someAvhat younger than 
those shoAvii in figure 68, is illustrated in figure 73. Nuclei in the prophases 
of diAusion are scattered throughout the finely reticulate protoplasm in 
AAhich a few brightly staining bodies, interpreted as the stroma of fatty 
masses, are dispersed. A slightly older thallus is shoAvn in figure 74 in 
Avhich the protoplasm exhibits a mesh-like configuration AAhich seems to be 
associated Avith the appearance of fixed protoplasm from Avliich large globules 
of fat or oil have been dissolved during fixation. The exospore is developing 
around this thallus, and numerous granules of the host protoplasm are pres- 
ent. Dark-staining lines of deposition may be seen extending eentripetally 
Avithin the exospore. 

Successive stages in the cleA^eloinnent of the tlialli shoAvn in figure 68 are 
shown in figures 69-72. In figure 69 some tendency for the fatty masses to 
increase in number and decrease in size is noted. Hyaline and slightly 
amber-colored amorphous layers have appeared around the female thalli, 
replacing in part the dense layer of host protoplasm. 

In figure 70 all the host protoplasm surrounding the female thalli has 
disappeared and the latter are now eiweloped by thick, hyaline layers Avhich 
constitute the exospores. In sporangium X several broad-based spines have 
been evolved Avithin the area of the amorphous layer and the outer limit of 
the latter is indicated in part by a faint line joining the apices of three of 



90 


[voi.. (;8 


BULLETIN OP THE TORREY CLUB 

the spines. In tlie same fi^i^ure the first stage in the development of the endo- 
spore is M'sible. This appears to first involve a retraction of the granular 
contents from the original wall to form a hyaline layer which eventually 
becomes a definite, double-contoured wall (fig. 71X). The contents of the 
female tlialli have become more dense and finely granular by the progressive 
dispersal of the fatty masses shown in figure 69. The male cell likewise con- 
tains numerous small refringent bodies. At this stage the fusion of the thalli 
is about to occur. The highly vacuolate condition of the male and female 
thalli described by Barrett (1912) has seldom been observed. 

Figure 75 illustrates a haematoxylin-stained preparation of a spore com- 
parable to that shown in figure 70A^. The nuclei are in the equatorial plate 
stages of division. Vacuole-like spaces are evident in the protoplasm which 
doubtless represent the regions previously occupied by fatty material. There 
is no indication of the exospore in this preparation. Figures 78 and 79 repre- 
sent incipient sexual resting spores stained with Flemming’s triple stain 
which are comparable to figure 70Y of living material. The multinucleate 
protoplasm of the female thallus shown in figure 78 contains irregular 
vacuole-like spaces, similar to those described above, some of which seem to 
contain spherical bodies which have been interpreted as the stroma of fatty 
masses. These may be the bodies which Barrett (1912) described in the 
vacuoles of fixed and stained resting spores of 0. Inxurians. The nuclei of 


Explanation of figures 68 - 81 . 

Figs. 68-72. Progressive stages in the development of an asexual resting spore (X) 
and a sexual resting spore (F). x630. Pig. 68. Female thalli containing large, irregular 
fatty masses ; tlie male thallus is similar in ai}pearance to the zoosporangial thalli near by. 
Fig. 69. The male thallus remains unchanged while the fatty masses in the female thalli 
X and r have become smaller and more numerous ; the thalli are surrounded by a hyaline 
layer. Pig. 70. The male thallus contains numerous small refringent masses while the 
female thalli contain dispersed, indistinct oil bodies; the host protoplasm has completely 
disappeared and the exospores have completely developed ; the endospore of resting spore 
X is developing. Fig. 71. Besting spore X has a well formed endospore and is filled with 
homogeneous protoplasm in which spherical fatty masses are visible. The contents of the 
male thallus are in tlie process of moving into the female thallus F. Fig. 72. Mature 
resting spores are witli large, central refringent masses. Fig. 73. A young, multinucleate 
female thallus containing brightly staining bodies which have been associated with the 
refringent masses of living material. xll30. Pig. 74. A multinucleate parthenogenetic 
resting spore of 0. Aclilyae ; numerous granules of host protoplasm surround the margin 
of the exospore, which exhibits centripetal radial lines of deposition, x 1640. Fig. 75. 
Metaphase plate stages of division of nuclei in an asexual resting spore, x 1140. Fig. 76. 
An empty, germinated resting spore showing the exit tube, x 620. Pig. 77. A partheno- 
genetic resting spore showing unusually large nuclei with large chromatin masses, x 1640. 
Pigs. 78-79. Incipient sexual resting spores stained with Flemming A triple stain showing 
many nuclei in prophases of division, x 1640. Fig. 80. A sexual resting spore which was 
fixed just as the contents of the male thallus were moving into the female thallus. x 1140. 
Fig. 81. A mature asexual re.stmg spore stained with Flemming ’s triple stain showung the 
multinucleate, homogeneous, peripheral layer of protoplasm surrounding the central fatty 
mass; the thallus possesses a smooth endospore and a rough exospore, x 1140. 
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botli tlie iiiale and the female tlialli seem to be in the prophases of division. 

^ The content of the former, however, is badly shrunken. In figure 79 a very 
similar orgaiiizatioii of the protoplasts is illustrated. Probably because of the 
difficulties involved in securing proper fixation of the female thalli after the 
deposition of the exospore, the nuclei are indistinct and poorly stained. 

The passage of the contents of the smaller thallus into the larger is shown 
in figure 71Y. This process may be completed in a few minutes, although the 
passage of the male protoplast into the female cell may take several hours. 
There is little change in the appearance of the protoplasts, although in 71X 
the coalescence of the dispersed fatty material has begun in preparation for 
the formation of the central refringent mass of the mature spore. 

Figure 80 represents a sexual resting spore which was apparently fixed 
while the contents of the male cell ^vere still flowing into the female thallus. 
From the region of the '^fertilization” pore, distinct radiations may be seen 
which suggest that there were lines of flow in the protoplasm when fixation 
occurred. As may be observed in figures 78 and 79, the nuclei of the male 
and female thalli are similar in appearance. Consequently, they are indis- 
tinguishable in this preparation. Several pairs of nuclei may be seen but 
such relative positions appear to be fortuitous. So far, the author has found 
no indication that the nuclei fuse in pairs as described by Barrett (1912) 
for 0. vexans. In some resting spores unusually large nuclei, which at first 
might have been regarded as fusion nuclei, were observed. The subsequent 
discovery of such giant nuclei in asexual resting spores (fig. 77) as well as 
in zoosporangia (fig. 36) indicated, however, that these are merely artifacts. 

At maturity, the peripheral region of the spore cavity is filled ■with 
homogeneously granular protoplasm with few if any refractive bodies. The 
center of the spore, however, is occupied by a single, spherical refringent 
body (fig. 72r) or by an aggregation of maiw small globules (fig. 72X) 
which, when treated with Sudan III, gives a brilliant red reaction, indicating 
that it is composed of fatty material. 

In figure 81, a fixed and stained median section of a mature, asexual rest- 
ing spore of 0. Achlyae is shown. The central area of the spore is occupied 
by the central body which, with Flemming’s triple stain, appears reddish- 
purple. Surrounding this, in a layer of homogeneous protoplasm, are numer- 
ous well defined nuclei containing blue chromatin masses. The exospore and 
endospore, which haA^e been separated by the microtome knife in the process 
of sectioning, are clearly distinguishable. The endospore shows a marked 
affinity for crystal violet, while the exospore fails to stain with haeni^oxylin 
and colors very slightly A\dth orange G. 

The resting spore, upon germination, becomes transformed directly into 
a sporangium and liberates zoospores by means of an exit tube (fig. 76) in 
a manner similar to that described by Shanor (1939) for 0. varians. Very 
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few geriiiiiiating' resting* spores of 0. AcMyae liave been obsen^ed. Conse- 
quently, no detailed account of the process of gerniination can be given. 

Host-Par a site Relationship, The penetration of the germ tube into the 
host protoplasm and the subsequent liberation of the parasitic thallus may 
cause a localized agitation of the host protoplasm. The j’efringent bodies of 
the host protoplasm often swirl in eddies around the young tliallus (hg. 4) 
and obscure it from view. If this may be taken to indicate a distinct reaction 
between the parasite and the host it is indeed of short duration for, when tlie 
tlialli next become visible in the filaments (figs. 16, 17), they appear similar 
to regular inelusions carried about in the streaming protoplasm of the host. 
A hyaline zone surrounding the parasite, such as Emmons (1931) describes 
for Cicinnohol^iSy has not been observed. No digestion spaces, described by 
Smith (1900), Rice (1934), Aronescii (1934), and others in relation to 
haustoria of Erysiphe^ Puecinia^ Diplocarpon^ and other parasitic f ungi, have 
been seen in any stage of development. Three young thalli, as they appear 
in fixed and stained material, are illustrated in figure 33. Resting nuclei of 
the host appear quite normal and may be seen in the immediate vieiiiity of 
the thalli. No division of the host nuclei in parasitized filaments has been 
observed, but as Couch (1932), Raper (1936), Wolf (1938) , and others have 
shown, nuclear divisions seldom occur in the distal portions of oomycetoiis 
fungi. Consequently, this lack of di\u‘sion stages of the host nuclei is not to 
be regarded as a reaction to the presence of the parasite. Longitudinal stri- 
ations in the AcJilya protoplasm, similar to those illustrated by Hillegas 
(1940), plate 5, figure 71, indicate that streaming was in progress in the 
filament when fixation took place. 

As the thalli increase in size, however, the '‘free floating’’ phase is termi- 
nated, and the thalli become relatively localized in the filaments (figs. 18, 19 ). 
At this time there is a marked tendency for the protoplasm from all parts 
of the filament to flow toward and accumulate around the parasites. At the 
same time hypertrophy of the filament, in the immediate A^ieinitc' of the 
thalli, usually becomes noticeable. As the swelling increases in size, vacuoles 
appear in the host protoplasm, and radially arranged eytoplasmic strands 
running from the thalli to the peripheral layer of host plasm may be seen. 
The granules of tlie host protoplasm continue to stream into the swollen 
region of the filament. This movement goes on until all of the visible contents 
of the entire host filament have been attracted to and absorbed by tlie 
developing tliallus (fig. 22). 

In some instances the swelling of the filament seemed to be initiated in 
the immediate vicinity of a thallus lying near the host wall (fig. 16). This, 
however, was by no means the general rule. 

Infection with 0. AcMyae does not invariably bring about an appreciable 
enlargement of the host filament. The development of sporangia within fila- 
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liieiits eoiilMiniiLa- limited amounts of visible protoplasm often occurs Avitliout 
* sl]()\vin<i‘ tli(‘ ('lun'Mcderistic radial arrangement of the host protoplasm and 
w'itliout causing localized swelling of the filainent. Furthermore,, in the fe^v 
infected AchUja oogonia which were observed, no swelling* or distortion of 
the oogonia I (*ell was detected. This evidence seems to indicate that the para- 
site does ]iot cause the host cell to swell by direct stimulation. The parasite 
seems rather merely to induce the host protoplasm to flow toward it and to 
aceumulate in its vicinity. Consequently, the induction and subsequent 
growth of the localized swellings appear to be correlated to some degree wdtli 
the anioiint of dense protoplasm available in the parasitized filament. Tlie 
similarities which exist between the formation of these pathological swellings 
and the development of incipient zoosporangia of Achlya^ are rather sugges- 
tive. Ill the latter the protoplasm flows rapidly into the tip of the filament, 
which tlien swells to accommodate the increased volume. Septation occurs 
and the young sporangium is cut off from the ^ ‘ sporangiophore, ’ ^ which in 
turn is left almost devoid of optically differentiated protoplasm. In infection 
by 0. Achlyae, the protoplasm of the Achlya filament is induced to flow from 
the more remote parts into the region occupied by the thalli. The filament, 
consequently, grows in diameter so as to increase its voliune locally. No 
septation of the filament occurs. The walls of the swelling are composed of 
cellulose and approximate in thickness the walls of normal filaments. This 
suggests that, if the wall is stretched and becomes thinner as a consequence, 
this is compensated by a local deposition of new^ wall material. It can be 
shown by plasmolytic methods, however, that the wall of the filament is 
somewhat stretched in the region of such swellings (Diehl 1935). 

■When infection of an oogonial cell which has been delimited by a cross 
wall takes place, a clearly defined unit of host protoplasm is involved. The 
parasite, unable to attract quantities of protoplasm from other parts of the 
filament, is consequently unable to cause any enlargement of the oogonial 
cell. >Similarly, parasites developing in filaments which contain limited 
amounts of protoplasm do so without bringing about any appreciable 
swelling of the host filament. 

As mentioned above, the protoplasm of the host may become highl\^ vacu- 
olate in the vicinity of the thalli as the development of the swelling proceeds. 
Dufrenoy (1936) maintains that such vacuolization may be the result of an 
effort, on the part of the host cell, to revert to a condition suitable for active 
metabolism. Although Dufrenoy ’s interpretation seems to be compatible witli 
the observations of the writer, a thorough physiological analysis must be 
undertaken before any authoritative statement can be made. 

DISCUSSION 

Sexual reproduction has now been reported in a large number of chytrid 
species, but the cytological details in many remain unknown. Resting spores 
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ma,\' arise after planogamic fusions, or as a result of fusions between uni- 
nu(3leate or inultinueleate male and female thaJli wliieli ma>^ take place b}" 
means of fertilization pores, or by the production of conjug-ation tubes. 
These various types of sexual reproduction, however, do not appear to be 
eonfiiied to any particular family or genus. In the Synchytriaceae plano- 
gamic fusions have been described in species of Synchytriurii aiid Micro- 
myces by Kusano (1930), Kohler (1930), and Couch (1931). Kiisano and 
Kohler believe that sex in 8. f iilgem and 8. endohioticum is piireli' relative. 
In species of the family Olpidiaeeae, however, fusions between isogametes 
have been described by Kusano (1912, 1929) for Olpidhim Viciae and 0. 
Trifolii while fusions of uninucleate male and female thalli ha^'e been ob- 
served in Monochytriuni 8te/ve7mamim and Oliyidinni radiccde by Criggs 
(1910) and Schwartz and Cook (1928). Planogamic fusions of isogametes 
have been reported in various Ehizidiaceous species by Seherffel (1925), 
while Serbinow (1907) describes fusions between uninucleate male and 
female thalli by means of fertilization pores in 8poroplilyoiis rosaia. In the 
majority of species in this family, however, the passage of the contents from 
the male into the female thallus takes place by means of a long eoiijiigation 
canal similar to that which has been observed for Zygorhizidiuin {Lowenthal 
1905), Folyphagus (Wager 1913), and others. In the Woroninaceae miilti- 
niicleate male thalli of Olpidiop (Barrett 1912 ; McLart^y 1941) fuse with 
inultinueleate female thalli by means of a small pore wliicli de\"e]o])s at the 
point of contact between the two thalli. A similar condition lias been de- 
scribed for Ectrogella by Schertfel (1925) , while in Pyfliiella fusion between 
thalli is accomplished by the production of a sliort conjugation tube (Couch 
1935). 

Almost v’ithout exception, sexuality in ehytrid species in general does 
not seem to be fixed and definite. In most species which have been critically 
examined from the stand-iioint of sexual reproduction, no evidence of geno- 
t}'pic differentiation of sex has been advanced. In Olpidinm Trifolii, how- 
ever, Kusano believes that planogamic fusions occur only between motile 
cells from diff'erent sporangia. Couch (1939) reports heterothallism in Bhico- 
pJilyctis rosea and PringslieimieUa dioica, but no detailed observations have, 
as ^’^et, been published. 

It has been shown b.y the author (1941) that in Olpidiopsis Achlyae geiio- 
t.ypie sexual differentiation does not occur. As Barrett (1912) obser\'ed for 
species of this genus which he studied, the male and female thalli appear to 
be essentially similar to the zoosporangia, differing from the latter inaiiiA 
in the elaboration and disposition of fatty material throughout the later 
stages of their development. Plasmogamy occurs in 0. Achlyae between 
inultinueleate thalli. No nuclear degenerations similar to those described in 
the sexual processes of many of the higher Oomycetes have been observed 



% 


BULLETIN OP THE TORREY CLUB 


[VOL. 08 


in 0 . Achlyae. Barrett observed what he believed to be stages in the fusion 
^ of luielei in resting spores of Olpidiopsis vexa/ris. No indications of kary- 
ogaiiiy ill 0. AcMyae, however, have been encountered. In this species, which 
produces sexual or asexual resting spores, it has been found that '^fertiliza- 
tioiB’ is in no way essential to the maturation of the feiiiale thalli. At 
inaturity, both sexual and asexual resting spores of 0. AchlyaG are multi- 
nucleate and in germination the spores function directly as zoosporangia. In 
this regard they differ from the uninucleate resting spores of Polyphagiis 
Euglenae (Wager 1913), mxd Enclochytrm^^^^ operculatum (Hillegas 1940). 

Atkinson (1909) considers that the passage of the entire contents of the 
male thallus into the larger female cell through a pore without any indica- 
tion of an antheridial tube indicates, that this is a primitive type of sexualit}^ 
rather than a reduced or degenerated form. The multinucleate condition of 
the fusion thalli, likewise, has been considered primitive by some observers. 
Similarly the series from multiple nuclear fusions in Albugo Bliti to fusions 
between single pairs of nuclei in A. Candida has been considered as exempli- 
fying within a single genus the evolution which has gone on from eoenoganiic 
fusions toward the condition which is commonly found in the higher ooniy- 
cetes. In our present state of knowedge, however, true sexuality may or may 
not exist in species of Olpidiopsis, Until karyogamy is definitely demon- 
strated in the formation of sexual resting spores of this genus we can do no 
more than speculate on the relationships between Olpidurpsis and the higher 
fungi. 

SUMMARY 

The infection of the host by the zoospore of Olpidiopsis Achlyae is 
accomplished by means of a delicate penetration tube. Bach uninueleate 
protoplast thus introduced develops independently into a multinucleate 
thallus. 

Cytokinesis within mature multinucleate zoosporangia is carried out by 
centripetal cleavage furrows Avhich develop progressively from one or more 
centrally placed vacuoles, Biflagellate zoospores emerge fully formed from 
one or more exit tubes. 

Nuclear division in Olpidiopsis Achlyae is mitotic and simultaneous. 
The large nucleolus seems to function in the elaboration of the chromosomes. 
Although central bodies, are present at the poles of the intra-nuclear spindle, 
distinct astral radiations are seldom visible. The chromosome number is six. 
Meiotic division has not been observed. 

The early developmental stages of the resting spore are similar to those 
of the zoosporangiuin. Subsequently, however, the resting spore thallus dis- 
tinguishes itself by the elaboration of large quantities of fatty material. At 
maturity the resting spore contains a large centrally placed ref ringent body 
surrounded by a multinucleate layer of slightly granular protoplasm. 
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Before tlie development of the resting sj)ore of Olpidiopsis Achlyae 
fusions between two or more miiltiniieleate thalli inai’' occur. KaryogamVj 
however, has not been observed. 

At maturity, the resting spore functions as a zoosporaiigium, liberating 
zoospores directly by means of an exit tube. 

The thalli of Olpidiopsis Achlyae seem capable of attracting and subse- 
quently absorbing the protoplasm of the entire infected hlanient. The 
swelling of the host cell, which iisiialli" occui*s in the immediate vicinit.y of 
the parasite, seems to develop as a result of this local aceiimulation of excess 
host protoplasm rather than in response to a direct stimulation of the host 
by the parasite. 

The writer wishes to express his appreciation to Professor John S. 
Karling, under whose supervision this investigation was conducted. 
Department of Botany, Columbia University 
New York, New York 
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STUDIES IN THE ERICALES. A DISCUSSION OF THE GENUS 
BEFARIA IN NORTH AMERICA 

W. H. Camp 

INTRODUCTION 

Befaria^ like many woody genera present in North America, has its 
greatest aecumulation of species in South America. In consequence, one 
hesitates to undertake a critical study of the North American forms with- 
out having first solved the complexities of the genus as it occurs in South 
America. Owing to present world conditions and the concomitant difficul- 
ties of travel and specimen exchange, various critical collections cannot be 
examined, which forces postponement of the nomenclatural phase of the 
problem as it relates to the South American members of the genus. How- 
ever, sufficient specimens are at hand to enable one to arrive at some conclu- 
sion about the morphological archetypes of the group as well as their distri- 
bution. Therefore, in order to understand those of our own species which 
are taxonomically troublesome, an attempt is here made to fit them into the 
species-pattern of the ancestral forms entering the area. While this proce- 
dure does not make the identification of any particular specimen any easier, 
it does bring to our study a certain perspective not otherwise obtained. 

It is evident that the genus Befaria has not, in some characters, advanced 
nearly so far as others of the Ericaceae ; that, while it is not to be thought of 
as ancestral to its relatives, it yet retains certain of the floral sruetures 
which must have been characteristic of the primitive Ericalean type. In 
addition to discrete rather than fused corolla segments, the character per- 
haps most indicative of a retained primitive condition is the often variable 
number of flower parts in each cycle, this in itself being an indication that 
the basic genetic pattern is neither rigidly controlled nor highly evoh^ed. 
A further indication of primitiveness is the presence, in many species, of a 
glandular pubescence on various plant organs, a feature common to the 
majority of the more primitive members of various groups of the Ericales. 

It would appear that during the Early Tertiary or perhaps even the 
latter part of the Cretaceous the genus had much the same general distribu- 
tion as today, but it is probable that the number of species was considerably 
less than that recognized in the most recent monograph.- It is also appar- 

1 Tlie question as to whether the spelling should be Befaria or Bejaria is not taken 
up here ; it is of no importance in the present discussion, the two being considered only 
variant spellings of the same name. For those interested in such matters, reference may 
be made to Small, N. Am. Flora 29: 35. 1914 (Befaria ) ; Fedtschenko and Basilevskaja, 
Bot. Gaz. 85: 299. 1928 (Bejaria) ; Sprague, Kew Bull. 1928: 347. 1928 (Bejaria) ; Mans^ 
feld and Sleumer, Notizbl. 12: 242. 1935 (Befaria ) ; as well as the earlier writers cited 
by these authoi*s. 

2 Mansfeld, E. & Sleumer, H. Eevision der Gattung Befaria Mutis. Notizbl. 12: 235- 
276. 1935. 
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ent that both during and subsequent to the various orogenic and subsidence 
cycles of the Middle and Late Tertiary the distributions of various basic 
s}3ecies of the genus were disorganized. 

BEFARIA IN THE UNITED STATES 

111 a genus where specific lines are often difficult to determine, the lack 
of individual variability is perhaps the most striking feature of B. racemosa 
Vent., a species fairly abundant throughout much of Florida, with casual 
outliers in Georgia and a single specimen (doubtful) from Mobile’^ [Ala- 
bama?] {Cozzens in 1826). In fact, the specimens are so nearly similar 
that one might suspect that they all came from the same clone. 

The stable condition of B. racemosa is probably due to its long isolation 
from any other of the Befarian stocks. Only recently have students of the 
flora of the southeastern coastal plain of the United States realized that a 
portion of Florida has been emergent since at least the Oligocene. It is 
becoming continually more obvious that this island, for a considerable 
length of time isolated from both the mainland to the north, and the main 
mass of Antiilia (but eonneeted with this latter mass during the Early 
Tertiary), has played an important role in the composition of our present- 
da}" southeastern coastal plain flora. 

Prior to the Oligocene the exact story of this relatively small bit of land 
is obscure but, being connected with the western portion of Aiitillia prob- 
abl}" during at least the latter part of the Cretaceous, this area (now part of 
Florida) was one into which the early troiiical and subtropical lowland 
floras could migrate. From the Oligocene until the late Pliocene, or even the 
Pleistocene, it was an island separated from the mainland of Nortli America 
by several hundreds of miles of open ocean. Thus, lying on the outer fringe 
of the primary Befarian dispersal and, from at least the Oligocene to the 
Pleistocene having been isolated on a eom]3arativeiy small island, it is only 
natural that Befaria racemosa should be practically homozygous and there- 
fore morphologically stable. 

BEFARIA IN THE CARIBBEAN 

Throughout at least part of the Tertiary, Antiilia nns joined with both 
South xinierica and Central America. But this great land mass, with its 
east-west-trendiiig ranges of mountains, was on the outer fringes of the 
distribution of Befaria and, as a result, held only a small segment of the 
genus. Toda}^, we know only one species from the interior of the Antillean 
area, Befaria cuhensis Griseb., from western Cuba. However, it is jiossible 
that subsequent exploration on the higher peaks of Oriente in Cuba, or even 
in Hispahola, may uncover material as yet unknown to us. B. eiiheiisis^ 
although today a distinct and reasonably stable species, is reminiscent of the 
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Veiieziielaii and Coloinbiaii B. ledifoUa H. & B., and seems to liave liad 
^ genetic eoiiiiectioii with it in the past. It is also possible that the teiidenev 
for revolute leaves in many of the South American forms may ha\'e been 
derived from this segment of the older Befarian complex. 

THE PROBLEM IN BEPARIA 

If we now turn our attention to the bulk of the kno^vn Mexican s[)eeies 
and those southward into South America, no such stability of morphological 
characters is to be noted as was found in B. raesmosa. Nevertheless, if we are 
ultimately to understand the genus, if we are to rationalize our irresent 
nomeiiclatural s}"stem witli the fundamental biologA^ of tlie group, we must 
first arrive at a rather definite concept of its primitive biotypes as well as 
their distribution. It is to be admitted that, for the present, a complete pic- 
ture of the genus is impossible, simply because certain critical areas are in 
need of considerable exploration. Nor am I as yet ready to commit myself 
in a definitive manner concerning the exact pattern of speciation witliin tlie 
South American portion of the genus. 

However, it is apparent that there have been se\^eral evoliitionary trends 
in Befaria. One was a reduction of the more primitive, loosely flowered, 
racemose-paniculate t.ype of inflorescence to a more compact and congested 
inflorescence. Others are the loss of the primitive type of Ericalean pubes- 
cence which resulted in a glabrous plant, and the introduction of rex’olute 
margined leaves. These evolutionary trends appear to be completely inde- 
pendent of each other. From this standpoint, it would seem that, after their 
earlier partial stabilization, the primary species-populations have, in certain 
areas, been mixed. This has resulted in a series of lyybrid swarms of com- 
paratively recent origin ; complex populations of plants, the individuals of 
which apparently defy arbitrary placement in traditional taxonomic cate- 
gories. 

THE ARCHETYPES OP THE MEXICAN UPLANDS 

Of the Mexican species of Befaria here recognized, only two seem to be 
representatives of an early dispersal.^ The remaining appear to be of more 
recent origin. 

It is possible that an additional species may yet be collected in Mexico, and atten- 
tion should be called to the following: In December, 1936, I traveled from Veracruz to 
Oaxaca by way of Orizaba. Before the mountains were reached and while yet in the tierra 
ealiente of the State of Vera Cruz, the train passed through a few inland swamps wherein 
some shrub with conspicuous flowers w^as occasionally seen. In one of these areas the train 
was traveling rather slowly and I was able to note the habit of the plants growing nearby. 
This shrub apparently was a species of Befaria. Unfortunately, I was unable to vis'it 
this area on my return in 1937,- neither have I seen specimens from this region nor, so 
far as I can learn, have any been collected. These plants most certainly were not B. mexi- 
cana, having, if my memory can he trusted, an inflorescence somewhat intermediate be- 
tween the paniculate type of B. glauca and the racemose appearance of B. racemosa. 
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Of these basic species,^ the first to be considered is Befmia niexicana 
Bentli. This species ranges in Mexico from Durango [ f ] (Seemann 2130 is 
so listed hy Mansfeld and Sleiimer) and Zacatecas {Ilariweg 92, type collec- 
tion) southward and eastward through the Sierra Mad re of Jalisco (Mexia 
1840) and Guerrero {Mexia 8956; Hinton 14106, 14200, 9935, this last in 
Herb. Field Mus.) to Oaxaca {ConmtU 2530, N. Y. and Herb. Field Mns., 
4355; and Schultes (& Beko 939.) Material from the northwestern jiart of 
the range apparently has larger corollas (±3 cm. long) and is more coii- 
sistently pubescent than that in Oaxaca, being thus closer to the typical 
form. 

The other primary type with which we are concerned in Mexico is the 
material which has been formerly referred to Be f aria laevis Benth. In their 
recent study, Mansfeld and Slenmer (he.) have noted that the Mexican B. 
laevis and the South American B. glauca H. & B, var. typica Mansf. & 
Sleuni. are difficult to distinguish. In addition, they admit that the primary 
character (the leaf apex) which they use to separate these species is not 
reliable. I would go even farther and say that I am unable to differentiate 
tlie genetically uncontaminated Venezuelan and Mexican material of these 
two species. Consequently, I am led to the conclusion that the Mexican mate- 
rial, by previous authors placed in B. laevis Benth. (1840), should be trans- 
ferred to the earlier B. glauca H. & B. (1809). 

It might, naturally, be argued that a species should not liave so disjunct 
a distribution, but it is well to recall that (even among the Ericaceae) Be- 
faria i.s an old genus and that much of the area of its early distribution has 
been subject to extensive diastrophic activity and consequent floristic dis- 
turbances. Therefore, it is altogether likely that B. glauca lias been lost from 
parts of tlie area wliere it once grew. 

If examine the known distribution of B. glauca in Mexico {B. laevis 
of ])revious writers) we find that it extends from Cliiapas {Purpiis 10285; 
Maliida 2589) into Oaxaca (Hartweg 478 type coll, of B. laevis; Uhies- 
hreght 31, type coll, of B. Ghieslyreejhtkma; and Schultes 677) . Mansfeld 
and Slenmer (he.) list additional specimens from Guerrero and Hidalgo, 
but Schultze 468, tlie one cited by them as from Guerrero, with white flowers 


Occiu'ring as they do in the lowlands rather than in the mountains, the identity of these 
plants remains an interesting problem, the solution of which may shed considerable light 
on tlie early northward dispersal of this genus, for tliese same lowlands are phytogeo- 
grapliieally connected with the western parts of ancient Antillia. In this connection, it 
is well to remember that, although the genus consists mainly of mountain forms, B. 
eiiBensis and B. racemom are found only near sea-level. 

IJiiless otherwise noted, the specimens here cited are in the Britton Herbarium, of 
the Hew York Botanical Garden. I also wish to thank the Curators of various American 
herbaria who made a fruitless search for certain specimens, and particularly Mr. P. G. 
Stanclley of the Field Museum for his kindness in submitting a series of unusually inter- 
esting eolleetions. 
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and petals 3 cm. long certainly cannot be B. glaiica (or B, laevis) in its pure 
« phase. Of the two ‘^Hidalgo’’ specimens cited by them I have before me 
Ghieshregkt 31, which was not from this state but from Oaxaca the other 
{Seler 866) 1 have not seen. I also have before me (without locality} SessS, 
Mocino, Castillo et Maldonado 1813 (Herb. Field Miis.). It is obviously 
eoiispecific with the others placed here in B. glatica. 

Before we continue with our analysis of the Mexican species of Befaria, 
it will be advisable first to examine material of these two basic species from 
areas where it would appear that they have not been subject to interspecific 
contaminations. Briefly, in Chiapas we find that B. glauca has giabrous 
leaves, glabrous branches, a coarse paniculate inflorescence whieli, also, 
except for a minute and early deciduous puberulence, is glabrous. The 
petals are 1-1.5 cm. long* and of a deep pink or rose color. Paler forms and 
those with larger corollas sometimes found in other regions apparently have 
a mixed heredity. 

Conversely, in Zacatecas, Jalisco, and parts of Guerrero, B. mexicana has 
the leaves glandular pubescent on both surfaces, particularly along the mid- 
vein below. The branches are densely glandular pubescent as is the inflores- 
cence which, in contrast to B, glauca, is compact and subcorynibose. The 
petals are 2.5-4 cm. long and white, although pink forms are occasionally 
recorded. These, in my opinion, may be due to a slight contamination of 
B. glauca heredity. Mexia 1840 from Jalisco is in fruit. 

These very distinct forms seem to represent the two original species pres- 
ent on the Mexican uplands. 

THE BEPARIA DISCOLOR COMPLEX 

Turning our attention to a region where Befaria glauca and B. mexicana 
come together, W'C are confronted Avith the folloAAung situation: a complex 
population generally placed in B. discolor Benth., but possessing combina- 
tory and segregate forms apparently derived by hybridization froiii both 
species. Certain examples, all from the State of Oaxaca, are here briefly 
anal.yzed. 

Conmtti 2629 (Herb. Field Mus.) Avith its dense pubescence and petals 
flz 2.5 cm,, long Avould, in spite of the short corolla, be nearly typical B. 
mexicana, except that the dried plant retains evidence of considerable color 
in the floAver. This number is of particular interest in connection Avith tlie 
preAuously cited Conzatti 2330 (collected in the same locality, on the same 
date), Avith an apparently white corolla and petals 3-4 cm. long, Avliieii Avas 
placed in B. mexicana. 

5 Mansfeld and Sleumer (1. e.) list Ghieslreglit 31 from Hidalgo. However, tlie speci- 
men on deposit at the Hew York Botanical Garden clearly states that this numln'r was 
collected in Oaxaca, as does the original description of B. GhieshregJitiana Fedtschenko 
& Basilevskaja, Notul, Syst. Herb. Hort. Bot. U.S.S.R. 6: 38. 1926. 
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Liehmann 8592 (Herb. Field Mus.) has the branches and inflorescence 
as pubescent as any specimen of B. mexicarm that I have seen, yet its corolla 
was apparently deepty colored; also, the petals are only 2-2.5 cm. long'. 

The pubescence of Mexia 9276 is, again, nearly tyjiieal for B, mexieana^ 
yet the inflorescence form is that of B. glauca; the petals are wliite, but only 
zt 2 cm. long. 

Galeotti 1812 (type coll, of B, florihimcla Mart. & Gal. ) lias the branches 
pubescent, but the pubescence becomes sparse in the inflorescence, with the 
upper part of the pedicels and calyces completely devoid of the glandular 
setae so characteristic of B. mexicana. The inflorescence resembles that of 
B, glauca, but its individual branches are compacted, iiiiieh as in typical 
material of B. mexicana. It would appear that the petals were not more than 
2 cm. long. The original description states that the flowers are ‘‘purpureo- 
albis ’ ^ ; the fleld notes list the color as ‘ ^ rosees. ’ ’ 

Gomez & Gomez 6000 has almost completely glabrous leaves,'’ the 
branches are pubescent, but the setae on the pedicels are eveii more reduced 
than in the previously cited Galeotti 1812, a few flowers having a eompletely 
glabrous calyx and only a few scattered hairs on the pedicel. The corolla is 
±: 2 cm. long and a deep rose-pink color. 

6 Manuel G6me:2 4'' Victoria ConzatU de Gomes (Herb. Gonzatti) 6000 from tlie Dis- 
trict of Teotitlan, Oaxaca., was kindly loaned to me by .Richard Evans Schultes, wlio 
received it from Professor Gonzatti. This collection (the portion studied now deposited 
in the Economic Herbarium of the Harvard Bot. Mus.) is of particular interest because 
it is the basis of a new monotypic genus — Eeptacarpus — (Gonzatti, Prof. 0. Organo 
Transitorio en una Talamiflora Serrana. Anal. Hospital Gen. Oaxaca 2: 4-7. 1 plate. 
1940.). This genus, according to the present International Rules of Botanical Nomencla- 
ture, is invalidly i)ublished (being without Latin diagnosis) ; it is also incorrectly placed 
as to family. 

The following personal communication from Mr. Schultes is pertinent to the present 
discussion and is included : 

'^Mn 1839, Hartweg collected the type of Befaria discolor at Talea de Castro (Long. 
96° 17', Lat. 17° 21'), District of Villa Alta in northeastern Oaxaca, only a few .miles 
southeast of the locality of collection of Gomes # Gomes 6000. 

^Mn the same 3"ear, Galeotti made a collection which became the type of Befaria 
floribmida Mart: & Gal. {—Befaria discolor Benth.). This collection (Galeotti 1812) was 
made on the mountains near San Ildefonso Villa Alta (Long. 96° 10', Lat. 17° 21') and 
San Juan Taiietze (Long 96° 19', Lat. 17° 23'). Villa Alta is slightly east of Talea; 
Tanetze is but several miles east of Oacalotepec and slightly west of Talea. The specimen 
in the Gray Herbarium is labelled as coming from the ^ ^Chinantla,^ ^ a name which 
Galeotti used to designate the mountainous areas of the Districts of V'illa Alta and 
Clio ap am. 

^^A third collection was made by Jurgensen in the Sierra San Pedro Nolaseo near 
Talea de Castro. This collection (Jurgensen 562) became the type of a new genus — Jur- 
gensenia — and species — J. mexicana Turczaminov {- Befaria discolor) . 

' These collections, all made ivithin a radius of fifteen miles, have been the basis of 
material described and placed in two different families — Ericaceae and Theaeeae; three 
genera — Befaria (Bejaria), Jurgensenia, and Eeptacarpus ; and four sx^ecies — Befaria 
discolor^ Bejaria fioribunda, J%irgensenia mexicana, and Eeptaearpus saJmoivicolor, thus 
adding to the confusion surrounding Befaria discolor Benth. ^ ^ 
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Hartwcg 479 (type eolL of B. discolor Beiith.) lias essentially glabrous 
leaves, or with a few glancl-liairs on the iniclvein below; the stem has a 
sparse pnbeseenee, and the pedicels even less. The infiorseence is but little 
branched, as is common in B. mexicana, but it is loose-flowered with spread- 
ing pedicels, and thus is much more like that of a single branch of the B. 
glanca type. The calyces are glabrous and the petals 1.5-2 cm. long. 

Apparently, then, B. glauca, coming from the east, perhaps by way of 
uplaiids now submerged, met the Mexican representatives of the B. mexi- 
cana population and, in the Oaxacan region, produced a series of rather 
complex hybrid forms. The presence of nearly pure stocks of both species in 
Oaxaca, as well as these intermediates (today apparently concentrated in 
the region of the Chinantla'’), indicate that such a sequence of events has 
taken place. 

Our problem, then, is to determine just how we shall treat such a situa- 
tion. In Mexico, owing to the present isolation of the more mesophytic floras 
on mountain ranges, or even individual peaks, and these often separated by 
wide expanses of semi-desert, a considerable amount of endemism is to be 
expected. 'With further exploration and a larger series of critically collected 
specimens, it would not be surprising to learn that certain of these segre- 
gates, carrying combinatory characters of both the basic species, have be- 
come genetically stabilized and exhibit a reasonably constant set of morpho- 
logical characters within restricted areas. 

For the present, and until we know more concerning them, I see no need 
to make the j)roblem taxonomically more complex by resorting to a formal 
description of all of these segregate and morphologically different indi- 
viduals, thus multiplying our nomenclatural troubles. Instead, it is my 
suggestion that we consider this problem from the standpoint of expediency ; 
that we do not consider Befaria discolor Bentli. a true biological species liaA^- 
ing had a single origin ; rather, that it be only a nomenclatural convenience 
—a name applied to those individuals which, in sensu sfricto, cannot be 
placed either in B. mexicana or B. glanca but would appear to be recurrent 
segregates of hybrids resulting from crosses between these two species. 

A study of the Central American and South American material of Be- 
faria indicates that much the same situation exists there as in Mexico involv- 
ing .5. glanca and additional species present in the area. Consequently, it is 
my opinion that Mansfeld and Sleumer (l.c.) have not solved the obviously 
diffieult S 3 "stematic problem encircling Befaria by a traditional taxonomic 
treatment. This is nowhere better shown than in their disposal of the South 
American forms allied to B. glanca, in which they described four new 
varieties under this species in addition to the typical form; varieties with 
monotonously similar distributions and which, w^hen critically examined, 
clearly indicate hybrid connections with other (and I think valid) species 
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recognized by them from within the same area. I believe tliat, if they could 
be crossed and the resultant hybrids were fertile (which from the material 
aiaiilable seems to be the case), one could start with but four of our modern 
species, B. ledifolm, B, glaiica^ B. Maihewsii, and B, meximna and, in only 
a comparatively few generations of plants, produce segregate forms indistin- 
giiishable from the majority of the species and varieties now recognized in 
South America. This does not mean that the bulk of these forms are neces- 
sarily of recent hybrid origin- — although many of them are — but only that, 
in taxonomic work, one should attempt to distinguisli between those which 
appear to be genetically stable and those which have been given taxonomic 
rank and placed in the same category merely because of simulative charac- 
ters — similar forms which are the result of a series of chance segregations 
from within a hybrid complex. Such so-called species” are met with all 
too frequently in the Ericales in such genera as Befaria, Rhododendrotiy 
Gaidtlieria, Pernettya^ and Vaccinium. 

However, one cannot leave this i.)roblem of the hybrid origin of the 
Mexican complex, here covered by the name Befaria discolor^ without cer- 
tain additional remarks. It is interesting to note that, typically, B. mexicana 
is a ^‘‘winter bloomer,” being in flower from November until late in March, 
a span of more than four months. Conversely, B. glaiica is a “summer 
blboiner, ” the specimens before me indicating that flowers are present 
from May into August. It is to be further noted that tliose specimens placed 
by me in B. discolor span the season of both the other species, flowering 
plants being recorded at various times from November to June. 

It is, of course, well understood that in the tropical uplands tlie seasonal 
distribution of rainfall pla.ys an important role in the flowering of a major- 
ity of species. My own experiences indicate that this is certainly true in the 
Oaxacan region. However, since there is no great change in the seasonal 
temperatures, it is not unusual for individual plants to be thrown com- 
pletely out of their normal flowering period by other factors. Among these 
may be mentioned unseasonal distributions of rainfall, flower-bud produc- 
tion on the new growth following insect injuiy and, particularly, the flower- 
ing of sprouts after fire. It is to be pointed out in this connection that no- 
where in Mexico is the milpa type of agriculture more intensively developed 
than ill the mountainous regions of Oaxaca. The burning of these small areas 
often starts extensive brush fires and, in 1937, to the east of Villa Alta (see 
footnote 6) on the border of the “ Chinantla, ” while standing in one of 
these recently burned-over areas, I could see the smoke of at least three such 
fires on adjoining mountains. Furthermore, this is not a new type of agri- 
culture in the region, having been practiced there for untold centuries. 

Therefore, it is probable, although B. mexicana and B. glauca normally 
have different flowering periods, that abnormal conditions of one sort or 
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aiiotlier liave induced individual plants of either species to close the short 
g'ap in flowering* seasons, thus permitting a mixing of the tAvo species’ 
heredities. It is also evident that such a condition is not limited to the past, 
but is going on actively at the present time so that, today, Ave must recognize 
the presence of current hybrids betAA^een these Iaa^o species as AA^ell as a series 
of segregates from those of the past. It is because of this that I look upon the 
type of Befaria discolor Benth. not as representative of a true biological 
species but, rather, as only one of a group of divergent forms of complex 
origin, haAung in common only a basic bispecific ancestry. 

A NEAV SPECIES FROM MEXICO 

In a previous paragraph I have intimated that it is possible, in certain 
areas contiguous to the Oaxacan region, that future exploration may un- 
cover populations of individuals, probably of segregate origin, but suffi- 
ciently stabilized so that they may be dealt Avith in a more particular man- 
ner. Such entities, AAffiile not a part of the ancestral population, might Avell 
be thought of as true species — ones AAdiich haA^e had their origin in re]atiA’'ely 
modern times. 

I liaA^e before me a specimen representatiA'C of a group AAdiich seems to 
belong in such a category. It Avas collected by Mr. Geo. B. Hinton in 
Guerrero, aAvay from the immediate influence of B. glmica and in a region 
Avhere B. mexica/na is the dominant form. The collection is from a tree 6 
meters tall and, from the material at hand, it Avould appear that the A^egeta- 
tive parts almost exactly duplicate those of B. glcmca^ although the floAvers 
simulate those of B. mexicana, the petals being AAhite and up to 4.5 cm. long. 
It is also of interest to note that, under B. laevis (B. glauca of this paper), 
Mansfeld and Sleumer (l.c.) mention a similar specimen, also from Guer- 
rero (i. Schultze Jena n. 468), AAuth large floAAnrs, the petals being Aviiite 
and 3 cm. long. I therefore propose the folloAAung ncAV species : 

Befaria Hintonii Camp, sp. nov. Arbuseula 6 m. alta, ramulis glabris; 
folia oblongo-lanceolata, utrinque glabra, apice acuta, supra subnitida, 
siibtus glaucescentia, 5~8 cm. longa, 1.5-2.5 cm. lata; infloreseentiae breviter 
racemosae vel subcorymbosae, 6-'12-florae ; rhachis pedicellique glabri, pedi- 
cellis crassis, 3-4 cm. longis, braeteis parvis deeiduis ; calyx campaniilatiis 
glaberrimus, sub anthesi circ. 8 mm. latu, lobis ovatis obtusis, margine eilia- 
tis ; petala alba, obovata-spathiilata, basi attenuata, 4-4.5 cm. longa, eirc. 1 
cm. lata, apice extreme parce piiberula ; stamina petalis aequilonga ; stylus 
tenuis circ. 5 cm. longus. 

Mexico — guerrero: Dist. of Galena, Piedra Ancha, 2800 m., Geo, B. 
Hinion 14237, May 3, 1939. ‘^Oak and pine forest; tree 6 m. high; floAAm* 
snoAA^Avhite. ” type in Herbarium of the Ncav York Botanical Garden. 

NOMENCLATURAL CHANGES 

.gZuzma Humb. et Bonpl. in PL Aequin 2: 118, t. 117. 1809. Syn. 
Befaria laevis Benth., PL Hartweg., p. 65. 1840. 
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This cliaiige enlarges the distribution of the fundamentai and once wide- 
spread B. glaiica from South America into Mexico, the geneticallA' iiiieon- 
tamiiiated Mexican material being scarcely distiiigiiisliable f rom tlie ti'pical 
form in Venezuela. 

X Befaria discolor Benth.j stat. emend. Camp. [Befaria mexicama 
Beiith. X B. glauca H. & B.] Befaria discolor Beiith. PL Hartweg. p. 65. 
1840. Syn. : Hepfaearpiis salmofiicolor Conzatti, Anal. Hospit. Gen. Oaxaca 
2: 5. 1940. For additional synonyms see Mansfeld & Sleiimer (he.) 

The transfer of B. discolor from the status of a true species to that of a 
name covering* a complex series of hybrids and their segregates lias been 
undertaken solely in an attempt to rationalize our present system of iiomen- 
elature with what appears to be the biological situation within tlie material 
here under discussion. Any other procedure under the existing system would 
necessitate the giving of some sort of taxonomic standing to the group of 
names which necessarily would have to be attaclied to the known morplio- 
logieally different and describable entities in the complex Ilc/ar/n-popula- 
tioii which appears to center in the mountains of northeastern Oaxinai. IL) 
do so at the present time would add nothing to our knowledge of tlie genus 
and certainly would not clarify its taxonomy. 

BEFARIA IN CENTRAL AMERICA 

It is of more than passing interest to note that no previous study of the 
genus has listed Befaria from Central America. Fortunately, my attention 
has been called to four collections from this region recently deposited in the 
Herbarium of the Field Museum; one from Honduras and tliree from 
Guatemala. A genus with such showy flowers is not easily missed b.v col- 
lectors. That it was neither found in Honduras prior to 1936, nor in Gaiite- 
niala earlier than 1939 indicates either that Befaria is exceedingly rare in 
Central America, or (as I suspect) that the area is in need of eoiisiderably 
more botanical exploration. 

These four specimens show some relationship with the Mexican po|)u- 
lations, but, owing to certain differences, I am unable to place them in any 
of these species with confidence. 

The single specimen from Honduras {Yuncher, Dawson & Youse 5823, 
July 13, 1936, from a steep ravine near El Achote, hills above the plains 
of Siguatepeque, Dept, of Coinayagua), because of its viscid pubescence, 
seems to be related to Befaria mexicana. How^'ever, the leaves are somewhat 
larger (being up to 10 cm. long) and less glaucous than is typical; the 
inflorescence is considerably more loose; the pedicels are attenuate, and 
the calyces only one-half to one-third the diameter they should be for this 
species. The petals are w’*hite and at most 2.5 cm. long, being, thus, just 
within the lower limit for mexicana. Although tentatively placed in 
association with this species, it is not to be thought of as typical. 
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The tliree speeiineiis from Guatemala were collected in the Sierra de las 
Minas, Dept, of Zacapa, in October, 1939. Of these, two (Steyermark 29775 
ch 29783) were from an elevation of 1700-2000 meters. Sfeyerniark 29783 
is in flower and with immature fruit. It was a ''tree 30 ft. tall.'' The plant 
is ^•labrous and, in their shape, the leaves closely resemble those of B, glauca 
ill its typical phase. The inflorescences are few flowered, the pedicels short 
and heav.v, the calyces fairly large and the flowers white, sweet scented, 
with petals 2-2.5 cm. long; thus, in these characters it somewhat resembles 
B. mexieancL Steyermark 29775, in fruit, has much the same general appear- 
ance, but it is recorded as being a "shrub." 

The third specimen, Steyermark 29725 ^ from a lower elevation (1000- 
1500 m.), is a "tree 25 ft. tall." The plant is glabrous; the inflorescence is 
somewhat more diffuse than in the two previously cited specimens; the 
pedicels and calyces seem to be intermediate in form between those of B. 
mexicana and B. glauca; also, the flowers are small, being only 1.5-2 cm. 
long. The collector has made no note of the flower color, but in the dried, 
specimen the petals are considerably darker than those of his ^29783. It is 
probable that, when fresh, they were pink or even red; %29725, therefore, 
seems more closely to resemble B, glauca than the other Guatemalan speci- 
mens here cited. 

In spite of their differences, one character in particular seems to be 
present in both the Honduran and Guatemalan specimens which, collec- 
tively, separates them from those species of the genus to which tliey might 
be referred. In general, the lower surface of the leaves of the various species 
of Befaria is definitely glaucous. This is not true of the Central Anierican 
material available for, although the lower surface of the leaves is paler 
than the upper, it certainly is not glaucous, at least not in a degree eiiarae- 
teristic of those species with which I have acquaintance. 

On the basis of Yunckei% Dawson & Yoiise 5823 from Honduras, I am 
predicting that Befaria mexicana^ or its simulative counterpart, will yet be 
found in Central America. Also, I am certain that B. glauca in its pure form 
will be collected in Guatemala. This conclusion is reached after an examina- 
tion of Steyermark 29725 in conjunction with the distribution of B. glauca 
as here redefined, as well as its known presence in adjoining Chiapas. The 
remaining material from Guatemala apparently represents a new species. 

Befaria guatemalensis Camp, sp. nov. Arbuscula 9 m. alta, ramulis gla- 
bris; folia oblongo-lanceolata, utrinque glabra, apice acuta, supra virida, 
siibtus pallida non giaueescentia 5-9 cm. longa, 1.5-2. 5 cm. lata; inflores- 
centiae breviter raceinosae vel subcorymbosae 6-10 florae; rhachis pedicel- 
lique glabri, pedicellis sub-crassis, 1-3 cm. longis, bracteis parvis deciduis; 
calyx cainpanulatus glaberrima, sub anthesi circ. 4 mm. latu, lobis deltoidis, 
margine ciliatis ; petala alba, obovata-spathnlata, basi attenuata, 2-2.5 cm. 
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loiiga, circ. 0.5 cm. lata^ apice extrenio x^aree piiberiila; staiiiiiia peta l is 
aequiloiiga ; stylus tenuis^ circ. 3 cm. longus. 

Guatemala — zacapa: pine forest, Sierra de las Minas, near smiimit of 
ridge, below Finca Alejandria, alt. 1700-2000 m. Julian A. ^(vj/rnnark 
29783, Oct, 12, 1939. '‘Tree 30 ft. tall. Petals white, sweet-scented.” type 
ill the Herbarium of the Field Museum. Ibid: Steyerniark 29775, said to be 
a shrub and with slightly larger leaves, may be only a sprout form of tins 
species. 

Befaria guatemalensis may be easily differentiated from the pre\^iously 
described B. Hintonii by its smaller flowers and pale green rather than 
glaucous lower leaf surfaces. 

For the present, and until more material is available, no defliiite names 
are assigned to the single siiecimen from Honduras and the remaining col- 
lection from Guatemala, both of which are here suggested to be of possible 
hybrid origin between B. guatemalensis and the several other species prob- 
ably present, but as yet uncollected, in the region. Further exploration, not 
only in Central America but also in the botanically little known Sierra 
Madre del Sur of Oaxaca and Chiapas, will be needed to shed liglit on the 
early northward dispersal of Befaria in the Americas as well as furnish us 
with additional clues useful in unraveling the tangled pattern of speciation 
within the genus. 

KEY TO THE KNOWEY MEXICAN AND CENTRAL AIVIERICAN SPECIES OF BEFARIA 

Plants essentially glabrous. 

Flowers wliite. 

Leaves glaucous below, j)etals 3-4.5 cm. long />. Ilinionii, 

Leaves X)alpj but not glaucous below; petals 2-2.5 cm. long B. guatemalensis. 

Flowers pink or red, petals 1-1.5- (2) cm. long B. glauca. 

Plants with a glandular pubescence. 

Uxiper part of iiiflorescence and calyces densely pubescent. 

Flowers wliite, xietals 2-4 cm. long B. mexieana. 

Flowers pink or red, jietals 1-2.5 cm. long x B. iliscolor. 

Uxiper part of inflorescence and calyces sjiarsely pubescent or glaliroiis, if glabrous, 

then the lower part of the inflorescence or brandies sx)arsely pubescent ; flowers pre- 
dominately red or pink, or occasionally white, petals 1-2.5 cm. long x B. discolor. 

The New York Botanical Garden 
New York, New York 



THE BIOLOGY OF POLYPORUS BASILARIS 
Harold E. Bailey 
(with four figures) 


A brown pocket rot of Cupressus macrocarpa Hartweg lias been known in 
California for a long time. Sporophores associated with this rot have been 
reported in Golden Gate Park, San Pranciseo, by workers in the Division of 
Forest Pathology, of the Bureau of Plant Industry, but, so far as the writer 
is aware, no detailed study nor description has been reported. The first mate- 
rial preserved for study was collected by Mr. H. E. Parks in 1923 on the 
Berkeley Cainpus of the University of California. Somewdiat later, additional 
material from the same location was collected by Dr. Lee Boiiar. These speci- 
mens, with stunly notes, were sent by Dr. Bonar to Professor L. 0. Overholts, 
who made a study of the material. Having concluded that the fungus was an 
undeseribed species, Overholts (in litt.) has proposed the name, Polyporns 
hasilaris sp. nov. and characterized it as follows: 

Polyporns lasilaris Overholts sp. nov. Sporophora annua vel incremento 
inarginale revivescens sessilis vel in substrata decurrens, crebro nodulosa in 
sulcis trunci leviter evoluta, quandociinque valide evoluta imbricata, tenax 
coriaeea in sicco rigida dura ; pileus applantus vel paullo convexus, 1-4 cm. 
longiis, 2.5-6 cm. diametro 0.4-0.8 cm. crassus, sordido-griseiis in sicco 
fumeus vel nigrescens, pubescens, pilis brevibus velutinis, niox giabratiis vel 
flbrilloso-striatus hand incrustatus uni-vel bizonatus, zonis latis ; contextum 
album tenax in sicco durum zonatum crassitudine 1-5 mm. ; pori albi in sicco 
imniutati vel isabellini vel hepatiei, tubulis 1-3 mm. longis, oribus circularibus 
niox angularibus ad irregularibus integris, circa 3-4 pro mm., parietibus 
crassis ; sporidia eliipsoidea vel angusto-ellipsoidea levia h,yalina, 4-5 p longa, 
2,5-3.5 p diametro ; basidia 4-5 p diametro ; cystidia nulla ; contexti hyphae 
hyalinae fiexuosae pauci-rainosae, parietibus inconspieue inerassatis, 3-7 p 
diametro, interdum eonspieue nodoso-septatae. 

Hab. ad basim truncoriim Cupressi macr^ocarpae Hartweg. 

Sporophore annual or reviving with only marginal growth, sessile or de- 
current on substratum, frequently poorly developed and nodulose in furrows 
on the trunk, imbricate where well developed, tough and leathery when fresh, 
rigid and hard on drying ; pileus applanate or someAvhat convex 1-4 x 2.5- 
6 X 0.4-0.8 cm., dirty grayish, becoming grayish browui or blackish on dry- 
ing, at first with short velvety pubescence, later nearly glabrous or fibrillose- 
striate, not incrusted, with one or two broad zones or depressions; context 
white, tough, drying hard, zonate, 1-5 mm. thick ; pore surface white wdieii 
fresh, unchanged in drying or becoming isabelline or dirty buff, the tubes 1-3 
mm. long, their mouths circular then subangular to irregular, thick- wmlled, 
entire, averaging 3-4 per mm.; spores ellipsoid or narrow ellipsoid, smooth, 
hyaline, 4-5 X 2.5-3.5 p ; basidia 4-5 p diam. ; cystidia none; context hyphae 
hyaline, flexuous, sparingly branched, the walls not conspicuously thickened, 
3-7 p diam., with conspicuous though not abundant clamps. 

On the lower portion of the trunks Cupressus macrocarpa Hartweg. 

112 
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Type eolieeted at Berkeley, California, Feb. 14, 1923 by (H. B. Parks 
Herb. 1431 ; Oyerliolts ITerb. 8527) ; also collected in the same locality and on 
the same host b.y Lee Bonar. 

^Mr. Bonar has contributed largely to the description here presented. The 
species has the aspect of a trametoid and over-developed Polyporus versi' 
color^ blit the spores are very ditferent. From Fom.es annosus it differs in 
the less globose spores, in the clamped context hypliae, and in being associated 
with a A’ery different rot. ’ ’ 

Monterey Cypress {Cupressiis macrocar pa Hartw.), the host of P, 'hasi~ 
laris, is a narrow endemic in the vicinity of Monterey, California. It occurs 
indigenously onlv on the coastal bluffs seldom more than a half mile inland 
in the region of Monterey. The tree, in spite of its very restricted natural 
habitat, is readily propagated and has been extensively planted as an 
ornamental, particularly in California. Certain facts: viz., that the sporo- 
phore is a small inconspicuous annual appearing only during moist weather, 
that the host is not widety distributed, and that the sporophores are relatively 
rare, are largely responsible for the obscurity of the fungus. In addition, the 
sporophore usually arises in the natural crevices and convolutions of the 
trunk, dries out rapidly, and changes color from a smoky-gray to a brown 
color which blends with the color of the bark and makes detection difficult. In- 
sects frequently attack the sporophores and reduce them in a few weeks to an 
unrecognizable form. 

The stands of C. niacrocarpa from which data for this paper were ob- 
tained were as follows: (1) in the vicinity of the Greek Theatre on the 
University of California campus at Berkeley, trees planted in 1867 ; (2) in 
Sequoia Park in the Oakland Hills, at an elevation 800 feet higher than stand 
(1) ; (3) in Golden Gate Park, San Francisco, California ; (4) in the vicinty 
of Monterey, California. 

Because of a blight, caused by Coryneiim sp., and a bark beetle, 
Phloeosinus cupressi Hopk., which had infected the cypress, many of the 
trees in these areas were being cut to check further infection. This offered an. 
opportunity to make observations on freshly sectioned trunks. A pocket rot 
was found to be common in all of the older trees in the above-mentioned 


TABLE 1 

N'lm'ber of trees in four stands of C. macrocarpa containing poclcet rot associated ivith 
Polyporus 'basilaris. 


Location 

No. of 
trees 

Trees 
with rot 

Percentage 
with rot 

i 

Average age 

IT. C. Campus 

78 

70 

88.5 i 

65 Tears 

Sequoia Park 

349 

5 

1.43 

26 *' '' 

Golden Gate Park 

81 

15 

18.5 i 

34 ^ ‘ 

Monterey 

83 

68 

82.0 

No estimate 
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stands. Data were obtained on the diameter of the trnnks and the amount of 
rot sliown in cross section at stump height, approximately 2 feet above 
ground. 

More detailed studies were made on trees in the campus stand. Tliese 
included sketches of cross and longitudinal sections of the base of the 
trunk and estimates of the' area of decay, the longitudinal, extent of the 
rot, and the presence or absence of the rot in the roots. Trunks of two trees 
were split longitudinally into quarters and the sections sketched and 
measured in order to compare the actual amount of sound and decayed 
wood. It was found from this more detailed study of 71 trees that 32 per cent 
contained only a small amount of decay (i to 5 square inches as shown in 
cross-section). However, all the trees over three feet in diameter showed 
infection, and 60 per cent of these contained over 50 square inches of decay. 
All cross-section measurements were made at stump height. 

The pocket rot so commonly found in the trunk of the tree is found 
less commonly in the roots. In the larger roots it may penetrate a few 
inches but generally not to any great depth. On the campus it was possible 
to make a study of the root system because the trees were pulled down and 
their roots thus exposed. While 20 per cent of the trees were found to con- 
tain occasional pockets of rot in their roots, badly infected trees seldom 
showed more than two or three small pockets in the entire root system. 

Cross and longitudinal sections of the cypress trunks show that the 
infection of the tree ordinarily takes place in the lower part of the trunk. 
In young trees, in which the rot w^as in the incipient stages, the infection was 
without exception present in the lower portion of the tree. The height of the 
rot as determined from an examination of thirty-two trees was as follows: 
twenty-six of the trees were found to have the rot limited to less than twelve 
feet above the ground line and only five exceeded this height. The highest 
extension of the rot found in the trunk of miy cypress was seventeen feet. 
In this tree it was found to be present in the larger branches. 

In trees showing the beginning stages of decay a cross-section of the 
trunk often has but a single pencil of rot. When sections of such trees are 
split longitudinally, these pencils may be traced for a distance of a few inches 
to two feet, depending upon the degree of development of the rot. The in- 
fected wood in the incipient stage is almost normal in appearance, but 
usually tinged with yellow. These infected pockets, upon drying out, become 
darker in color and show fine checks. In badly decayed trees one or more 
pencils of rot may be found on the advancing line of decay. The decay does 
not proceed into uninfected ai^eas as an ever increasing spherical mass of rot, 
but rather spreads by means of long finger-like protrusions into the heart- 
wood. As the rot proceeds, it becomes very complete, leaving a brown crumbly 
residue which cracks into square or rectanglar blocks. In the advanced stages 
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of decay the pockets coalesce so that they form masses of rot with thin irregu- 
lar strips of firm wood scattered through the mass. Wefts of white iriyceliom 
frequently appear in the cracks of the rot. There is no apparent discoloration 
in the wood beyond the sharp border of the pockets. 

Microscopic examination of the decayed wood show'ed that tlie liypliae 
were rare in the pockets of rot. However, they are found abundantly in a 
zone about six millimeters wide between the border of the pocket of rot and 
the sound wood. The hyaline hyphae are 0.7-1.5 p in diameter and branch 
freeh" as they pass from one cell to another. The penetration of the cell 
walls may be through bordered pits or directly through the wall. Tissue 
cultures made from the edges of the pockets and from the incipient stages 
of decay bear out the results obtained from the microscopical studies, i.e., 
that active mycelium is found only in a narrow margin around the pocket of 
rot. Negative results in culture tests were obtained from wood beyond 
6 mm. from the border of the pockets and from the sound wood between the 
pockets. Extremely decayed wood either failed to produced any fungus in 
culture, or, as was generally the case, was contaminated with other fungi, 
such as various species of PenicilUiim and Tiichoderrna. 

Three other basidiomycetes have been reported on Ciipressiis niacrO'- 
carpad Polyporus cm'honarms Murrill, Polyporus cutifracius Murrill, and 
Hydnum ockraceiim (Pers.) Fries. However, during this investigation no 
fruiting bodies other than those of P. hchnlaris have been collected from 
Monterey cypress. 

Figure 1 shows isolated pockets as they appear in cross section; figure 
2 shows a longitudinal section from the bole of the tree with pockets of rot 
extending upward from the generally rotted base. This condition of the 
base probably arose from the single pocket which increased in size and at 
the same time formed branch pockets. 

Every sporophore collected has been found to arise from the main part 
of the trunk, usually in the vicinity of decayed knots. If the point of 
origin of the sporophore is any indication of the original point of infection, 
as it is considered to be in some instances, this would be added proof that 
infection occurs through the base of the tree. 

One or more sporophores may develop on a single cypress tree and as 
mau}^ as four have been collected from a single trunk during the same 
season. Fruiting bodies have been collected on old stumps as well as on 
trunks of living trees. Longitudinal sections of the truidv cut at the point of 
infection often show the rotted wood in the vicinity of the sporophore to be 
thoroughly moist. The presence of moisture is probably important in the 
development of the sporophores. In the Berkeley region they appear during 
the rainy season, usually in the latter part of November or the early part of 

1 Seymour, A. B., Host index of the fungi of North Ainerieu, p. 72. 1929. 
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December. From then on they may continue to develop until the middle of 
Febriiai\y,, or later, altlioiigh the majority of sporophores have usually passed 
their pi*ime and many have ceased to sporulate by that time. 

The sporophores first appear as nodular fleshy sheets of grayish tissue. 
From these foundations shelves appear, growing from the upper marginal 
part of the sporophore. Frequently one finds cavities which are completely 
shut off from the outside and yet contain well developed spore-producing 
tubes inside. These cavities are particularly common in the older parts of 
sporophores where there has been a growing over or coalescing of one 
shelf of the sporophore with another. Sporophores have been found to 
recur season after season on the same trees and in the same places on the 
trunk. Mature sporophores vary greatly in type, size, and shape. The 
imbricate shelving type is the most commonly found (figure 3), but one finds 
also sporophores which are resupinate, nodulose, or even fleshy ^'sparassus^’ 
types. 

Tissue cultures from the sporophores of P. hasilaris frequently produce 
Poriadike fruiting bodies on agar slants and in Petri dishes (figure 4). If 
the test tube or the Petri dish is inverted so that the spores may collect on 
the lid, a heavy coating of spores is deposited on the glass. Abortive sporo- 
phores may also develop on blocks of wood. The under surface of such sporo- 
phores is composed of lamella-like rays. Sporulation has not, however, been 
observed to occur from these fruiting bodies. 

Sporulation in nature may continue over a period of several weeks. Daily 
observations have showed that some of the fruiting bodies may shed spores 
continuously for a month and a half. The average period of sporulation, 
however, is about half of this time. From large sporophores sporulation is 
often so heavy that during an interval of twenty-four hours a glass slide 
placed underneath will have a heavy white coating. 

Spores of Polyporus basilaris have a very low jiercentage of germination 
in culture. Samples for the germination studies wure obtained from the 
field on sterile glass slides by the use of spore traps, or, in some cases the 
whole sporophore was collected and allowed to shed spores directly upon 
the medium. Spores were gathered from different sporophores. Substrata 
of various compositions and pH were used, but negative results in the spore 
germination studies were obtained except with one medium, containing 


Explanation of figures 1-4. 

Fig. 1. Cross-section tlirougli trunk of Cupressus macrocar pa showing isolated pockets 
of rot outside the generally rotted center. Fig. 2. Longitudinal section through lower por- 
tion of trunk of Cupressus macrocarpa showing pockets of rot extending up’wards from a 
generally rotted base. Fig. 3. Sporophore of Folyponis l)asilaris, typical imbricate type. 
Fig. 4. G, Surface view of Petri dish containing a block of wood of Cupressus macrocarpa 
on a glass plate over a young culture of Folyponis 'basilaris; b, rotted wood block after 
exposure to the fungus 120 days pc, sporophore of Folyponis basilaris developing on wood 
block in culture. 
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1 per eeiit peptone, 1 per cent glucose, and 2 per cent agar, with a few 
shavings of C. wiacrocarpa. The spores from a spore suspension were dis- 
persed on the substrate with a sterile platinum loop. An examination of 
the plates two days after inoculation showed that approximately 50 per cent 
of the spores had germinated. Later attempts with the same medium did 
not proA^e successful. 

In order to study the effect of the rot on the wood, artificial inoculation 
was undertaken in the laboratory. The procedure used in preparing sound 
wood for inoculation was as follows : A section of trunk 16 inches in diameter 
was sawed into blocks one inch square by three inches long. These were soaked 
in water under a bell jar for about an hour at reduced pressure. They were 
then sterilized in an Arnold sterilizer on three successive days for periods 
of a half hour. At the conclusion of this treatment a moisture content of 40- 
50 per cent was obtained, as determined by weighing samples, then drying 
out these samples and reweighing. The blocks of wood were then removed 
aseptically from the containers in which they were sterilized and placed on 
sterile glass slides in specially prepared culture dishes ; these contained a 
growth of niyeeliiim of P. hasilaris^ with which they had been inoculated. 
The culture dishes had been prepared some days previous to the preparation 
of the blocks of wood, so that the fungus isolated from the tissue of the 
sporophore could develop a heavy mat of niAmelium. Two per cent malt 
extract agar was used as a culture medium. The dishes containing the 
blocks of wood were then placed in a humid chamber at 25° C ih 3°. 
Starting the wood to rot over a young vigorous mat of mycelium consider- 
ably shortens the time required to rot the wood. By this method several points 
of infection occur at once and the fungus is able to maintain itself on. the 
nutrient until it becomes established on the -wood. 

The growth of the mycelium of P. basilaris over the blocks of C. macro- 
carpa in culture is rather slow. Only a thin threadlike reticulum of inter- 
woven hyphae covers the surface of the block of wood in a sparse white 
growth. A block of wood split lengthwise with the grain, however, shows that 
the fungus penetrates the wood readily. A thin white coating of mycelium can 
sometimes be observed on the freshly split surface. The wood seems waxy 
to the touch. In the last stages of decay it is brittle, and when it dries out 
many fine cracks develop (fig. 45). 

Chemical analyses were made at three periods during the process of 
decay so that various changes in the composition of the wood could be noted. 
Preparation for the analyses was as follows: Wood blocks which liad been 
exposed to the activity of the fungus for a certain period were taken from 
culture, dried, and the loss in weight determined. The rotted wood was then 
ground, sieved, and divided into 60-80 mesh and 80-100 mesh, samples. The 
sawdust used in the sound wood analysis was prepared by holding a rasp 
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against a block of wood as it was turned on a lathe. Tlie method of the 
Forest Products Laboratory^ was used in the analysis of the wood saiiiples 
except as follows : the water soluble component was determined by extracting, 
with the use of a Soxlet extractor, for four hours at a teiiiperature of 85° C. 
The chlorine gas was only approximately measured and no cooling system 
was used around the chlorinating chamber. Although these changes in pro- 
cedure are not conventional, any method of wood anal.ysis now available is 
subject to criticism. The results shoived, in general, that there was a progres- 
sii^e utilization of wood components in the wood. Samples taken at successive 
intervals during exposure to the fungus showed losses in weight of 10.2, 
18.1, and 39 per cent. Table 2 shows the relative percentages of the com- 
ponents of the rotted wood, sound wood, and sporophore tissue. The values 
obtained from the sporophore tissue differ in several respects from those 
of the sound and decayed wood. 

TABLE 2 

Analysis of sound and decayed wood of Cirpressns maeroearpa and sporophore tissue 
of Polyporus dasilaris. 



Wood decayed in culture 

Sound wood 

Sporo])li()i*(’ 

Loss ill weight 

Water soluble 

10.2% 

10.68 

18.1% 

10.19 

39,0% 

11.50 

11.05 

30.14 

Alcohol benzene soluble 

6.91 

4.18 

3.78 

9.77 

16.0 

Cellulose 

40.94 

32.83 

18.48 

46.2 

43,4 

Lignin 

17.87 

30.8 

22.8 

31.1 

13.35 

Pentosans 

12.78 

10.57 

6.53 ! 

8.62 

26.9 

Ash 

0.476 

0.516 

0.27 i 

0.339 



SUMMARY 

(1) A study made in the field on the oeeurreiice of the pocket rot caused 
by P, has Har is in C. maeroearpa. showed that only 2 per cent of t he trees 
were infected by the time they were 26 years old, while in another stand 
88 per cent of the trees were infected at the average age of 65 years. 

(2) The rot caused by P. hasilaris was found to be limited to the bole of 
the tree. Only occasionally was it present in the branches and roots. 

(3) In the incipient stages of decay only small pockets of rot were found. 
These grew in size and finally coalesced to form large masses of decayed 
wood. 

(4) Sporophores recurring season after season have been foiind on botli 
living and dead cypress trunks. Sporulation from these was found to oceur 
for periods up to 45 days. Sporulating fruiting bodies were obtained in cul- 
ture and spore germination secured. 

(5) P. hasilaris w^as grown in culture on specially prepared wood blocks 
of C. maeroearpa and the rate of growth found to be very slow. 

2 Bray, M. W., in Paper Trade Jour. 87(25): 59-68. 1928. 
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f6) Analyses made on wood samples from blocks wliieli had lost 10.2, 
181 •md 3<l'per cent wei-ht during the process of decay showed a pro- 
gressive utilization by the fungus of many of the components of the wood. 

The author is greatly indebted to Dr. Lee Bonar, Department of Botany, 
TTiiiversitv of California, who began the original investigation on Poly poms 
'basilaris. His helpful advice and constant encouragement have been much 
appreciated. 

Berkeley, California 



NEW .COMBINATIONS AND NEW NAMES IN THE 
UMBELLIFERAE 

Mildred B. Mathiab and Lincoln Constance 

The aiitliors have been preparing- a revision of tlie IJinbelliferae for 
North American Flora. The purpose of this paper is to list eertain new com- 
binations and new names. 

Arracacia Baner. in Jamaica Jour. 4: 18. 1826. The following iiew^ com- 
binations and new names are necessary : 

Arracacia arguta (Rose) Mathias & Constance, comb. iiov. Museniopsis 
argiita Rose, Contr. IJ. S. Nat. Herb. 8: 336. 1905. Tauschia drudeophy- 
toides Macbr., Contr. Gray Herb. n. s. 56: 33. 1918. 

Arracacia atropurpurea (Lehm.) Benth. & Hook. var. brevipes (Coult. 
& Rose) Mathias & Constance, comb. nov. Arracacia brevipes Coult. & 
Rose, Contr. IT. S. Nat. Herb. 3 : 296. 1895. 

Arracacia anomala Mathias & Constance, noin. nov. Museniopsis piibes- 
cens Coult. &> Rose, Proc. Wash. Acad. 1 : 134. 1900. Not Arracacia puibes- 
cens Wolff, 1910. Tauschia puibescens Macbr. Contr. Grav Herb. n. s. 56: 
33. 1918. 

Arracacia tolucensis (HBK) Hemsl. var. multifida (Wats.) Mathias 
& Constance, comb. nov. AfTacacia multifida Wats. Proc. Amer. Acad. 26: 
136. 1891. Arracacia dissecta Coult. & Rose, Proc. Wash. Acad. 1: 141. 
1900. Arracacia Dugesii Coult. & Rose, op. cit., p. 141. Arenaria multifida 
Wats, ex Durand & Jackson, Ind. Kew Suppl. 1 : 36. 1902, error. Arracacia 
tenuifolia Rose, Contr. IT. S. Nat. Herb. 10: 127. 1906. 

Arracacia Schiedei (Wolff) Mathias & Constance, comb. nov. Nema- 
tosciadnim Schiedei AVolff in Fedde, Repert. 9 : 419. 1911. 

Tauschia Schleeht. Linnaea 9 : 607. 1834. Not Taiischia Preissler, 1828. 
Deweya Torr. & Gray, FI. N. Amer. 1 : 641. 1840. Museniopsis Coult. & 
Rose, Rev. N. Amer. Umbel. 26, 122. 1888, as to type species only. Hespero- 
genia Coult & Rose, Contr. U. S. Nat. Herb. 5 : 203. 1899. DrudeopJiytwm 
Coult. & Rose, Contr. U. S. Nat. Herb. 7: 80. 1900. Valaea DC. of authors 
in part. 

Macbride^ wus correct in referring these various species to the one genus 
Tauschia Schleeht. which has been conserved over Tauschia Preissler. The 
following new" combinations are necessary : 

Tauschia glauca (Coult. & Rose) Mathias & Constance, comb. nov. 
Velaea glauca Coult. & Rose, Contr. IT. S. Nat. Herb. 3: 321, 'pi. 14. 1895. 
Brudeophytum glaucum Coult. & Rose, Contr. U. S. Nat. Herb. 7 : 82. 1900. 
V eleae glauca var. purpurascens J. T. Howmll, Leafl. West. Bot. 2 : 185. 1939. 

Tauschia Stricklandi (Coult. & Rose) Mathias & Constanee, comb. nov. 
Hesperogenia SiricMandi Coult. & Rose, Contr. U. S. Nat. Herb. 5: 203, 
pi. 27. 1899. Zizia Strichlandi K.“Pol. Bull. Soc. Nat. Mose. n. s. 29 (1915) : 
200. 1916. 


1 Maebride, Contr. Grey Herb. ii. s. 56: 28. 1918. 
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Tauschia tenuifolia (Wats.) Mathias & Constance, comb. nov. Eiilo-pJiiis 
tenudfolms Wats. Proc. Ainer. Acad. 23 : 276. 1888. Velaea temiifoUa Drnde 
in Eii«*L & Prantl, Pflanzenfain. 3 (8) : 169. 1898. 3Iuse7iiopsis tenuifolia 
Conlt. & Rose, Contr. IT. S. Nat. Herb. 3 : 302. 1895. 

DoNNELLSMiTiirA Coiilt. & Rosc, Bot. Gaz. 15: 15. 1890. 3Iiisenio2yshs 
Conlt. & Rose, Rev. N. Anier. Umbel. 26, 122. 1888, as to Mexican species, not 
as to type species. Schiedeophyytuni Wolif, in Fedde Repert. 9: 419. 1911. 

The g’eniis Donnellsmithia, based on the species H. guatemalerisis, has 
been considered monotypic. This study has shown that the numerous Mexi- 
can species referred to 3iuseniopsis and the monotypic genera Donnell- 
snviihia and SchiecleurphyUim constitute a natural generic unit for which the 
name Donnellsmitkia must be used. The following new combinations are 
necessary. 

Donneilsmithia biennis (Conlt. & Rose) Mathias & Constance, comb. nov. 
Museniopsis aegopodioides Conlt. & Rose, Contr. U. S. Nat. Herb. 3: 302. 
1895, as to specimens cited, not as to synonymy and not including name- 
bearing synonym. 3hiseniopsis hieamis Conlt. & Rose, Proc. Wash. Acad. 
1: 130. 1900. Tauschia hiennis Macbr. Contr. Gray Plerb. n. s. 56: 32. 1918. 

Donneilsmithia cordata (Conlt. & Rose) Mathias & Constance, comb, 
nov. 3Tuseniopsis cordata Conlt. & Rose, Contr. IT. S. Nat. Herb. 3: 304. 
1895. 31nse/mopsis scahrella Conlt. & Rose, op. cit., p. 304. y'elaea cordata 
Drude in Engl. & Prantl, Pfianzenfam. 3 (8) : 169. 1898. Yelaea scahrella 
Drnde, op. eit., p. 169. Tanschia scahrella Macbr. Contr. Gray Herb. n. s. 
56: 33. 1918. 

Donneilsmithia dissecta (Conlt. & Rose) Mathias & Constance, comb, 
nov. 3iuseniopsis dissecta Conlt. & Rose, Contr. U. S. Nat. Herb. 3 : 304. 
1895. Velaea dissecta Drnde in Engl. & Prantl, Pfianzenfam. 3 (8) : 169. 
1898. Tauschia Brandegee, Univ. Calif. Publ. Bot. 10: 413. 1924. 

Donneilsmithia madrensis (Conlt. & Rose) Mathias & Constance, comb, 
nov. Museniopsis madrensis Conlt. & Rose, Proc. Wash. Acad. 1: 130. 1900. 

Donneilsmithia mexicana (Robins.) Mathias & Constance, comb. nov. 
Pimpinella mexicana Robins. Proc. Amer. Acad. 26 : 164. 1891. Schiedeo- 
phytum fallax Wolff in Eedde, Repert. 9 : 420. 1911. ScMecleophytum niexi- 
cammi ^VolE in Engl. & Prantl, Pflanzenr. 90 : 326. 1927. 

Donneilsmithia ovata (Conlt. & Rose) Mathias & Constance, comb, iixyv. 
Museniopsis ovata Conlt. & Rose, Proc. Wash. Acad. 1 : 133. 1900. f Museni- 
opsis hiennis var. pinnatisecta Riley, Kew Bull. 1924 : 22. 1924. 

Donneilsmithia peucedanoides (HBK) Mathias & Constance, comb. nov. 
Cniclium peucedanoides HBK. Nov. Gen. et Sp. 5: 15. 1821. Euloplms 
peucedanoides Benth. & Hook. Gen. PI. 1: 885. 1867. Euloplius ternatus 
Wats. Proc. Amer. Acad. 23 : 276. 1888. Museniopsis peucedanoides Conlt. 
&Rose, Contr. U. S. Nat. Herb. 3 : 303. 1895. Museniopsis ternata Conlt. & 
Rose, op. eit., p. 303. Museniopsis ternata var. filifolia Coult. & Rose, oi). 
cit. p. 303. Museniopsis Schaffneri Conlt. & Rose, op. cit., p. 303. Yelaea 
peiicsclanoides Drnde in Engl. & Prantl, Pfianzenfam. 3 (8) : 169. 1898. 
Yelaea ternata Drnde, op. cit., p. 169. Velaea Schaffneri Drude, op. cit., p. 
169. Tauschia peucedanoides Macbr. Contr. Gray Herb. n. s. 56: 32. 1918. 
f Peucedanum junceuni Humb. & Bonpl. ex Spreng. in Roem. & Sehult. Svst. 
Yeg. 6: 572. 1820. 
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Donnellsmtthia peucedanoides (HBK) Mathias & CoostaiHM^ ^'ar. pur- 
purea (Coiilt. & Bose) Mathias & Constance, eoinb. nov. Mnsvjiiopsi,^ pwr- 
purea Goiilt. & Bose, Proc. IVash. Acad. 1 : 132. 1900. 

Donnellsmithia reticulata (Coiilt. & Bose) Mathias & Constaiiee, comb, 
nov. 3Iuse7iiopsi8 reticulcuta Coult. & Bose, Proe. Wash. Acad. 1 : 133. 1900. 

Donnellsmithia serrata (Coult. & Bose) Mathias & Constance, comb. nov. 
Museniopsh serrata Coult. & Bose, Contr. U. S. Nat. Herb. 3: 304. 1895. 
Velaea serrata Drude in Eng‘l. & Prantl, Pflanzenfam. 3 (8) : 170. 1898. 

Donnellsmithia submontana (Coult. & Bose) Mathias & Constance, 
comb. nov. Museyiiopsis subinoritana Coult. & Bose, Proc, Wash. Acad. 1: 
131. 1900. 

Donnellsmithia tuberosa (Coult. & Bose) Mathias & Constance, comb, 
nov. 3Iuseniopsis tuherosa Coult. & Bose, Contr. U. S. Nat. Herb. 3: 303. 
1895. Velaea ttiherosa Drude in Engl. & Prantl, Pfianzenfam. 3 (8) : 169. 
1898. Museniopsis tefimssima Coult. & Bose, Proe. Wash. Acad. 1 : 131. 1900. 
Museniopsis glauca Coult. & Bose, op. eit., p. 131. Museniopsis fusiformis 
Bose, Contr. U. S. Nat. Herb. 8: 337. 1905. Tausehia fusiformis Maebr. 
Contr. Gra}" Herb. n. s. 56: 32. 1918. 

Leptotaenia Nutt. 

Leptotaenia Hendersoni (Coult. & Bose) Mathias & Constance, comb, 
nov. Peucedanum Hendersofii Coult. & Bose, Bot. Gaz. 13 : 210. 1888 ; Bev. 
N. Amer. Umbel. 56. 1888. Leptotaeavia Leibergi Coult. & Bose, Contr. IT. S. 
Nat. Herb. 7: 202, pL 7. 1900. Loynatimn Hendersoni Coult. & Bose, Contr. 
IT. S. Nat. Herb. 7: 209. 1900. Cogswellia Hendersoni Jones, Contr. AVest- 
ern Bot. 12: 33. 1908. 

Since the publication of the revision of the genus Lomatimyd the authors 
have seen specimens of the type collection of Peucedamtm Hendersoni 
deposited in the herbarium of the University of Oregon. This species is 
without question identical with Leptotaenia Leibergi. 

Ligitsticella Coult. & Bose 

Ligusticella Macounii (Coult. & Bose) Mathias & Constance, comb. nov. 
Ligusticum' MacounU Coult. & Bose, Contr. IT. S. Nat. Herb. 1: 289. pL 23, 
1893- Orumbella Macounii Coult. & Bose, Contr. IT. S. Nat. Herb. 12: 446. 
1909. 

Ligusticum L. 

Ligusticum filicinum AVats. var. tenuifolium (AA^ats.) Alathias & Con- 
stance, comb. nov. Ligusticum teyiuifolium AAhts, Proc. Amer. Acad. 14: 
293. 1879. Ligusticmn oreganum Coult. & Bose, Contr. IT. S. Nat. Herb. 
7:138.1900. 

Ligusticum Porteri Coult. & Bose var. brevilobum (Bydb.) Mathias & 
Constance, comb. nov. Ligusticum brevilobum Bvdb. Pl. Bocky Mts. 613, 
1064. 1917. 

Polytaenia DC. 

Polytaenia texana (Coult. & Bose) Mathias & Constaiiee, comb. nov. 
Polytaenia Nuttallii var. texana Coult. & Bose, Contr. U. S. Nat. Herb. 7 : 


1 Mathias, Ann. Mo. Bot. Gard. 25: 225-297. 1938. 
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192. 1900. Fleiotaenia NuttalUi var. texana Coiilt. & Kose, op. eit. 12: 448. 
1909. Plianeroiaema texana St. John, Rliodora 21: 182. 1919. 

Ehodosciadium Coiilt. & Rose. 

The genus Deamea Coulter and Rose is referred to Rhodosciaddiim, 
making the following new combinations and new names necessar}' : 

Rhodosciadium argutum (Rose) Mathias & Constance, comb. nov. 
Deanea argiita Rose, Coiitr. U. S. Nat. Herb. 10: 128. 1906. 

Rhodosciadium diffusum (Coult. & Rose) Mathias & Constance, comb. 
noY. Deanea diffusa Coult. & Rose, Proc. Wash. Acad. 1: 155. 1900. 

Rhodosciadium longipes (Rose) Mathias & Constance, comb. nov. De- 
anea longipes Rose, Contr. U. S. Nat. Herb. 10: 128. 1906. 

Rhodosciadium macrophyllum Mathias & Constance, nom. nov. Deanea 
glauca Coult. & Rose, Proc. Wash. Acad. 1 : 156. 1900. Not Elioclosciaclmm 
glaimim Coult. & Rose. 1895. 

Rhodosciadium montanum (Coult. & Rose) Mathias & Constance, comb, 
nov. Deanea moniana Coult. & Rose, Proc. Wash. Acad. 1: 155. 1900. 

Rhodosciadium Nelsoni (Coult. & Rose) Mathias & Constance, comb, 
nov. Deanea Nelsoni Coult. & Rose, Proc. Wash. Acad. 1: 155. 1900. 

Rhodosciadium purpureum (Rose) Mathias & Constance, comb. nov. 
Deanea Pri/nglei Rose, Contr. U. S. Nat. Herb. 10: 128. 1906. Not Ehodo- 

sciadiiim Pringlei Wats., 1890. Deanea purpurea Rose, op. cit., p. 128. 

Spermolepis Raf. 

Spermolepis inermis (Nutt.) Mathias & Constance, comb. nov. Lepio- 
catiUs inermis Nutt, ex DC. Coll. Mem. 5: 39, pi. 10, f. h. 1829. LeptocauUs 
patens Nutt, ex DC. Prodr. 4: 107. 1830. Apiiini patens Wats. Bibl. Ind. 
1: 413. 1878. Apiastrum patens Coult. & Rose, Rev. N. Amer. Umbel. 110. 
1888. Spermolepis patens Robins. Rhodora 10: 34. 1908. Spermolepis 
patens var. inermis Mathias, Brittonia 2 : 243. 1936. 
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ite ostado do Ceara. Eodriguesia 4: 289-302. pi. 1, 2. 1940. 
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FURTHER POLLEN STUDIES OF POST PLEISTOCENE BOGS 
IN THE PUGET LOWLAND OF WASHINGTON’ 

Henry P. Hansen 
(with two figures) 

INTRODUCTION 

The modification of the topogTaphy by Pleistocene giaciatioii and the 
humid climate in the Puget Sound basin of western AYashington has been 
favorable for the development of a larger number of bogs than in other 
areas of the Pacific north west. The peat deposits are representatively located, 
and because the entire region is more or less liomogeneous in topography, 
soil, climate, and ph.vtogeograx)hy, pollen analyses of well-distributed bogs 
should reconstruct a fairly accurate picture of postglacial forest succession 
and general climatic trends. This study is eoncerned ^\'itli fiirtlier pollen 
analyses of peat dejiosits located within this physiogra];)hie i)rovitiee. Four 
other deposits, two in soutlnvestern British Columbia and two near Seattle, 
have been xireviously studied, and all six pollen profiles seem to agree essen- 
tially on the indicated postglacial forest succession (Hansen 1938, 1940a). 
This region was glaciated by both the Admiralty and the Atashon glaciers 
of the Pleistocene (Bretz 1913), and the latter has been generally correlated 
ehronologically with the AYisconsin glaciation of the middle west (Antevs 
1929). E^enneman (1931) classifies this region as the Puget Trough of the 
Pacific Border Province. 

The first bog is located a few miles north of Black Diamond, King County, 
in sect. 35 of T. 22 N., R. 6 B., approximately 20 miles east of Puget Sound, 
and at an elevation of about 450 feet above sea level. The depression in which 
it has been developed ai^parently was formed in irregular ground irioraiiie 
or by damming of a small pregiacial stream valley. The surrounding terrain 
is irregular and covered with glacial drift but is not extremely rugged. 
The bog is surrounded by a marginal ditch that supports a dense growth of 
willow (Salix Scoideriana) and hardhaek (Spiraea Doicglasii) , Near the 
northern margin a shallow, intermittent pond jiersists wlierein grow yellow 
poiidlily (Nympliozaiitlim poZi/scpuZa), buekbean (Memjantkes tidfoliata), 

1 Published with the approval of the Monographs Publication Committee, Oregon 
State College, as Research Paper No. 37, School of Science, Department of Botany. 
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and DuMehinni amndinaccum. The central and larger area is covered chiefly 
with Labrador tea (Ledum groeidandicum) , bog laurel (Kalniia polifolia), 
cotton grass (Eriophorum graciZc ), buckbean, sedge (Carex spp.), Spliagmim 
sp., and Folyirichu^^ juniperinnm. An extensive zone of hardhack surrounds 
this community and is gradually encroaching upon it. An iiiA^asion by lodge- 
pole pine (PLius contortci) was under way, but has been destroyed by fire. 
On higher ground adjacent to the bog grow red alder (Almis rubra), large- 
leaf maple (Acer macrophylhmi) ^ vine maple (A. circanatuni) , ocean spray 
(Holodiseus discolor), syringa (Philadelphia Gordonianus) , Oregon ash 
(Fraxinus oregana), elderberry (Sambucus eallicarpa), blueberry (Vac- 
einium ovatum), salal (Gaidtheria shallon), dewberry (Riibus macrope- 
talus), fireweed (Epilobium angustifolmm) , bracken fern (Pieridium 
aqiiilmum) , and Douglas fir (Pseiidotsuga taxifolia). Many other herbaceous 
plants also exist in this community. 

Peat samples were obtained with a Hiller borer at quarter-meter inter- 
vals. The depth of the bog approximately in the center is 6 meters and it is 
underlain with sand. Thei*e are greater depths indicated by a profile taken by 
Rigg and Richardson (1938). The lower quarter meter consists of silt, fol- 
lowed by limnic peat grading at 4 meters into fibrous peat whicdi is present 
to the surface. Volcanic ash crystals occur at the 2-meter level, while in other 
parts of the bog ash exists as a well-defined layer. Ash is present in most of 
the bogs in the Pacific northwest, and may occur as a layer or dispersed 
crystals, ivhich is apparently determined by the stage of hydrarch succession 
at the time of eruption. Sphagnum leaves first appear at 3.5 meters. ‘ 

The other bog is located about 3 miles north of Sedro Woolley, Skagit 
County, in sect. 31 of T. 36 N., R. 5 B. It lies about 12 miles east of Puget 
Sound and almost 100 miles north of the former bog. The depression in wdiielm 
it has been formed had its origin as a kettle pond in terraced outwash of the 
Samish River. The elevation is about 350 feet above sea level, and the foot- 
hills of the Cascade Range rise immediately to the east. The bog comprises 
about 80 acres, with a deep lake persisting in the center. A submerged 
hydrosere exists in the lake, with a floating hydrosere of pondweed (Poiamo- 
geton natans) and yellow^ pondlily near the shore. Along the shore grow 
clumps of cattail (Typha latifolia), purple marshlocks (Poteniilla palus- 
tris), sedge, and Sphagnum. Farther inland thrive Labrador tea, bog laurel, 
cranberry (Vaccinium oxy coccus), and hardhack. On the margin of the 
bog are alder, willow, and other shrubby plants similar to those around the 
other. The southern portion is annually mowed for hay, wdiile on the north- 
ern margin it is being sparingly invaded by trees, including wY^stern hemlock 
(Tsuga Jieterophylla), western w^hite pine monticola), and lodgepole 

pine. Peat samples were obtained wdth a Hiller borer at quarter-meter inter- 
vals about 50 feet south of the lake. Here the lacustrine deposits are 9.5 meters 
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deep, the lower tivo and one-quarter meters composed of blue clay with a 
distinet metallic sheen. This ivas probably carried into tlie lake in late glacial 
or early postglacial time before the invasion of forests, as it is entirely dei'oid 
of pollen. The cla^^ changes into dark limnic peat at 7.25 meters, wliich in 
turn grades into brown fibrous peat at 4 meters ; the latter is present to the 
surface. Spliagiinm leaves first appear at 6.5 meters. No volcanic asli was 
found, either as a layer or dispersed crystals. 

FORESTS IN ADJACENT AREAS 

Since both bogs lie within the same physiographic, climatic, and phyto- 
geographic province, a discussion of the general phytosoeiological aspects 
may be applied to areas in the vicinity of both. All of the Puget lowland in 
western Washington lies wdthin the Humid Transition life zone (Piper 
1906) . The most characteristic tree of this zone is Douglas fir, and before 
lumbering, fire, and cultivation removed the virgin forest it w’as the pre- 
dominant tree in most areas. Clements’ classification of the major vegetation 
climaxes of North America includes the Puget Sound lowland in the hem- 
lock-cedar association of the Coast Forest (Wea\^er and Clements 1938). In 
this formation w^estern hemlock, W'estern red cedar (Thuja plicata) and 
Douglas fir are the chief dominants, the latter persisting as a siibelimax spe- 
cies because of its aggressiveness in invading areas denuded by fire. How^ever, 
the seedlings of Douglas fir do not grow’ on the forest floor, wdiile the more 
tolerant hemlock, cedar, and lowland wliite fir (Ahies grandis) readily gain 
a foothold and form an understory. The stand of Douglas fir gradually thins 
out because of wind, insects, disease, and lack of reproduction, wliereas the 
others continue to expand. Eventually, if fire and lumbering do not disrupt 
normal forest succession, hemlock, cedar, and low^land wliite fir will form 
the climax forest with large and mature Douglas fir scattered throughout. 
Munger (1940), studying the composition of forests of various ages, has 
shown that w’ithoiit fire or logging a Douglas fir forest would iirobably be 
converted to the climax type in five or six centuries. Other conifers of lesser 
importance in the Humid Transition zone inelude w'estern white pine, lodge- 
pole pine, Sitka spruce (Picea sitckensis) , and silver fir (Ahies aimhiU^^ 
Western wliite pine occurs occasionally on open knolls and well drained 
areas where the climax forest has been removed, and lodgepole pine is often 
the pioneer invader of bogs or areas wliere the soil has been disturbed. Sitka 
spruce is not common but may be locally abundant on swnmpy floodplains 
near sea level, wliile silver fir grow’s mixed with other conifers at higher 
elevations. Broadleaf trees and shrubs consist chiefly of red aider, broadleaf 
maple, Oregon ash, cottonwood (Popuhis trichoearpa) , several species of 
willow^, and many other species of shrubs. These plants occur abundantly on 
favorable sites as members of assoeies, facies, and socles. The western boun- 
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dary of tlie Canadian zone occupying higher altitudes lies about 20 miles to 
the east of both bogs. 

Forest type maps (1936) indicate 12 forest types within a distance of 8 
miles from each bog. Douglas fir types of several size-classes constitute about 
75 per cent of the forest cover in the vicinity of the Black Diamond bog. 
Other types in order of the size of their area are agricultural and non-agri- 
cnltiiral lands, recent and iion-restocked cutovers, hardwoods, and spruee- 
liemloek-cedar. Adjacent to the Sedro Woolley bog recent and non-restoeked 
cutovers comprise about 25 per cent of the area, and Douglas fir types of all 
size-classes comprise an equal area. Other types in order of their area include 
non-agricultural lands, spruce-hemlock-cedar, hardwoods, and a small area 
of balsam fir--mountain hemlock-upper slope type. The latter type does not 
exist within 8 miles of the Black Diamond bog. The spruce-hemlock-cedar 
type is more extensive and nearer to the Sedro Woolley bog, and is better 
represented by higher proportions of western hemlock and Sitka spruce 
pollen in the upper levels. On the other hand, Douglas fir is recorded in a 
much greater proportion in the upper levels of the Black Diamond bog, 
because of the large area occupied by Douglas fir types in this vicinity. It is 
probable that pollen from forests well beyond an 8 mile radius is recorded, 
but the relative area covered by different forest types adjacent to peat 
deposits seem to be somewhat proportionately reflected in the upper strata 
(Hansen 1940b). 

In his elassificatioii of the climatic xirovinees of North America, Thoni- 
thwaite (1931) designates most of the Puget Sound basin as having a humid, 
microthermal climate with adequate precipitation at all seasons. Thorn- 
th waiters climatic lorovinces are based upon the relation between humidity, 
temperature, and seasonal distribution of precipitation. A small area adjoin- 
ing the southeastern tip of Pnget Sound is indicated as having a similar 
climate, but with a summer defieieiiey in precipitation. This area is spoken 
of locally as the ''Tacoma prairies'’ (Jones 1936), because of the general 
absence of forests, although at present it is being invaded by oak {Quereus 
Garryana) and Douglas fir. It is possible, however, that the porosity of the 
gravelly glacial oiitwash that covers this area and its rapid drainage are 
more responsible for the dearth of trees than the limited summer rainfall. 
The mean annual preeix)itation at Tacoma, Washington, is greater than in 
other Puget Sound areas that support the hemlock-cedar climax forest. 
Piper (1906) designated this area as the Humid Transition (prairies) life 
zone. The mean annual precipitation at Kent, about 10 miles west of the 
Black Diamond bog is approximately 37 inches, and at Sedro Woolley 47 
inches (IT, S. Weather Bureau 1936), A higher proportion of the annual 
precipitation occurs during the growing months at the latter station. The 
rainfall at Kent, however, is somewhat lower than at higher elevations to the 
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east ill the vicinity of the Black Diamond bog. Greater rainfall occurs at 
Sedro Woolley because of its location opposite the Straits of eJiiaii de Piica, 
while areas fartlier south in the Puget lowland are protected by the Olyinpie 
Mnuntains. 


METHODS 

In preparation for study about 2 ce. of peat were boiled in a weak soliu 
tioii of potassium hydrate,, strained through cheesecloth, washed, centri- 
fuged, stained with gentian violet, and mounted in glycerin Jelly. Exactly 
150 significant pollen grains were identified from each level. The non-signifi- 
cant pollen was also recorded but not used in the computation of percentages 
(tables 1, 2). Non-significant pollen is that from plants growing locally on 
or near the bog, and is probably not indicative of adjacent forest succession. 
The significant species recorded as less than 1.5 per cent at any level are 
listed in the tables as 1 per cent. 

The identification of the species of Fimis and Ab ies pollen was based on 
their size ranges as described in a previous paper (Hansen 1940b). For 
previous papers, as for this, 200 pollen grains of each Pacific northwest 
species of Abies, Pinus, and Picea were measured and their size ranges 
determined. The modern pollen was fossilized with a Aveak solution of potas- 
sium hydrate and mounted in glycerin Jell.v to simulate the conditions 
employed in preparing peat slides. All modern pollen was taken from living 
trees Avlien mature and being shed, rather than from herbarium specimens. 
In using pollen from dried herbarium si)eeimens there may be danger that 
the pollen was not fully mature, and had not attained its full size Avhen 
collected. On the other hand, if the pollen were mature, there is the possi- 
bility that most of the pollen had been shed and that the remainder is not 
normal in size or shape. The latter situation is more significant when the 
size-variation frequency curve is used in the form of histograms for com- 
parison Avith the size-Anriation frequency of fossil pollen. A dearth of pollen 
of aA^erage size Avas noted by the author for Pinus contorta, P. ponder osa, and 
P. alhicaulis taken from dried specimens and immature fresh specimens, 
Avhich AAdll be discussed in a later paper on size-Auiriation frequency of Pacific 
nortliAvest conifer pollens. 

In order of their size beginning Avith the smallest are Pinus contorta, P. 
monticola, P. albicaulis, and P. ponderosa; the firs are Abies lasiocarpa, A. 
grandis, A. amabilis, and A, 7%obilis; and the spruces are Picea sitchensis and 
P. Engelman ni. The size range of each species overlaps that of both smaller 
and larger species, Avith the exception of lodgepole pine Avhich seems to over- 
lap Avestern Avhite pine slightly or not at all. Pimis albicmdis overlaps Avhite 
and yelioAV pine, Avhicli makes it impractical to attempt to separate this 
species from the other tAAn. White-bark pine, hoAvcA^er, is a timberliiie tree 
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and probabl}^ never was abundant during* postglaeia! forest suceession. 
Likewise Ahies amahilis overlaps the smaller ^1. grand is and larger .1. mbiUs 
and is virtually impossible to separate from these two species. No attempt 
has been made in this paper to separate silver fir, altlioiigli all of the fir 
pollen falls within the range of lowland white fir. Whereas the pollen 
size ranges of Sitka and Engelmann spruce overlap to some extent, their 
geographic ranges are not known to overlap in Wasiiington. In this paper it 
is assumed that all spruce pollen is that of Sitka spruce, because of the low 
altitude of the bogs and adjacent areas. It is realized, however, that Eiigel- 
nianh spruce pollen may have reached the bogs from higher altitudes to the 
east. An interesting and important fact was learned re{‘ently concerning the 
pollen of mountain hemlock {Tsuga Blertenskina) . Pollen of this species col- 
lected on Mt. Rainier was found to have bladders, some\chat similar to that 
of pine, fir, and spruce. It may be differentiated from these species, however, 
because of the spheroidal cell and fine retieuluni of the bladders, Tli rough 
correspondenee with Wodehouse after his examination of the pollen it was 
found that he liad learned of the bladders on mountain liemloek after lie had 
published his book on pollen (1935). He refers to the presence of bladders 
on fossil liemloek pollen from the Eocene and Tertiary, some with and some 
without, and all gradations between. Pollen collected from presumably 
Tsuga Mertensiana on the University of Washington campus at Seattle has 
no bladders, which may indicate a similar gradation for this species. A 
further check, however, as well as collection of pollen from other trees must 
be made to verify or refute this possibility. The pollen of Thuja plicafa 
seems to be indistinguishable from that of species of Chamaeegparis, Jun- 
ipenis, and Taxiis. Pollen of western red cedar and other similar genera is 
not well preserved in peat deposits, although cedar is one of the chief domi- 
nants ill the coast forest. This is evidenced by the apparent absence of cedar 
pollen in the upper strata of peat deposits even though this tree may live on 
the bog itself. Observations suggest that western red cedar does not produce 
as much pollen as pine, Douglas fir, and liemloek, which adds to its degree 
of under-representation. Pollen profiles are therefore somewhat distorted, 
especially in the upper levels, since red cedar probably has played no small 
part in later postglacial forest suceession. 

In identifying fossil pollen the size of the cell is noted and if within the 
limits of overlap of other species of the same genus, distorted in shape, 
broken, or impossible to measure because of its position, it is discarded as 
an unknown. In previous papers the proportion of conifer pollen thus dis- 
carded varied from less than 1 to 12 per cent of the rest of the significant 
pollen. In this paper the number of discarded xiine pollen grains for each 
level is listed in the tables. The separation of species of pine pollen is not so 
difficult nor so important in the Puget lowland as in montane bogs east of 



142 


BULLETIN OF THE TORREY CLUB 


[VOL. G8 



Depth 


3 941 ] 


HANSEN: POLLEN STUDIES 


143 


the Cascade divide. In the latter region more species are iina)I\4?d and it is 
much more abundant, since there pine played a far more iinportant role iii 
postglacial forest succession (Hansen 1939a, 1939b, 1939e, 1940b). In the 
Puget lowland lodgepole and western white pine apparently were pioneer 
postglacial invaders, and were soon replaced with Douglas fir and western 
hemlock early in post-Yashon time (Hansen 1938, 1940a). 

POSTGLACIAL FOREST SUCCESSION 

The pioneer postglacial forests to invade areas adjacent to both bogs 
consisted largely of lodgexiole and w^estern white pine. In the bottom level 
of the Black Diamond bog the former is recorded as 74 per cent, and in the 
Sedro Woolley bog as 66 per cent (figs. 1, 2). Western white pine is 18 and 16 
per cent respectively in the lowest strata. This record of preponderance of 
lodgepole pine in early postglacial time corroborates similar evidence indi- 
cated by pollen analyses of other bogs in the Puget lowland (Hansen 1938, 
1940a). In fact lodgepole pine seems to have been the chief pioneer post- 
glacial invader in most forested regions of the Pacific northwest, regardless 
of the present climax forest (Plansen 1939a, 1939b, 1940b). In other bogs 
that may not record all of postglacial forest sueeession, or are located in 
glaciated valleys with unglaciated ridges nearby, lodgepole pine is not pre- 
dominant in the lower levels (Hansen 1939e, 1940e) . This suggests that forest 
succession had already progressed beyond the initial lodgepole pine stage, or 
that other types of forests persisted on the ridges possibly througliout or at 
least during the latter part of the glacial period (Hansen 1939c, 1940b). In 
the Black Diamond bog lodgepole pine maintains a percentage of 70 or more 
in the lower five levels. It decreases sharply from 70 per cent at 5 meters to 
26 per cent at 4.5 meters and continues to decrease with minor fluctuation 
toward the surface. In the other bog lodgepole pine shows an iiiimediate de- 
crease from the bottom upward to only 8 per cent at 5.75 meters, from wliicli 
level it is recorded in negligible proportions. The edaphic conditions were 
probably less favorable for this species in the vieinit}- of the more northern 
bog, because of the extensive floodplain area afforded by the numerous streams 
near their mouths. The well drained, gravelly terrain adjacent to the Black 
Diamond bog was more favorable for its persistence for a longer period of 
time. This is further suggested by the greater abundance of lowland white 
fir and Sitka spruce recorded in the lower strata of the Sedro Y^oolley bog 
(figs. 1, 2). Western white pine also diminishes upward in the profiles of 
both bogs, although it is more abundant near the bottom of the southern 
bog. This fact is also probably to be correlated with more ideal edaphic con- 
ditions in that vicinity. 

Douglas fir and western hemlock are sparsely represented in the lower 
levels of both bogs, but the former abimptly increases inversely with the 
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(leio-ease of lodgepole pine (figs. 1, 2). In the Black Diamond bog* Douglas fir 
is re(M)rded as only 1 per cent in the loAver three horizons and then sharply 
increases to 50 per cent at 4.75 meters. A more gradual increase is recorded 
in the other bog, from 5 per cent at the bottom to 62 per cent at 6.25 meters. 
In the former Douglas fir remains constant with minor fluctuation to 2 
meters, Avhere it attains 60 per cent. It reaches its maximum of 63 per cent 
at 3.75 meters, and then gradually declines from 2 meters to 33 per cent at 
the top. The Sedro AVoolley profile shows that it likewise remained generally 
constant to 4.5 meters where 60 per cent is recorded, and then diminishes to 
18 per cent at 1.75 meters. Again it remains more or less static to 0.25 meter, 
then decreases to only 10 per cent at the surface. This last decline may be 
the result of fire or lumbering since the advent of white man. 

Hemlock has a lower gradient of increase in the pollen profiles and does 
not reach its maximum until later than Douglas fir, continuing to increase 
long after the latter had attained its peak (figs. 1, 2). Hemlock supersedes 
Douglas fir at 1.25 meters in the Black Diamond bog, and in the other at 
2.75 meters. The maximum is reached at the surface in both bogs where 54 
and 61 per cent respectively are recorded. In the Sedro Woolley bog hemlock 
remains predominant to the surface after it supersedes Douglas fir, while in 
the other both species remain more or less equal except at the surface, wliere 
liemlock exceeds Douglas fir by 21 per cent. The increase at the surface may 
be relative. It would be difficult to estimate the effects of a fire on the Black 
Diamond bog a decade or so ago. This successional relationship between 
Douglas fir and ivesteni hemlock suggested hy the present study further 
substantiates similar results obtained from other peat profiles in the Puget 
lowland. It also strengthens the evidence that Douglas fir is a subeiimax 
species, which has persisted as one of the chief dominants in the hemlock- 
cedar climax since it replaced the initial postglacial forest of lodgepole and 
^vestern white pine. 

Sitka spruce pollen is present in all levels of both bogs. It shows little 
fluctuation throughout the Black Diamond profile, ranging from 1 to 6 i)er 
cent with the higher proportions in the lower half. In the other it plays a 
more important part, being recorded as high as 17 per cent at 1.75 meters. 
The higher proportions occur in the upper half of the profile. Fir, wdiicli 
consists chiefly of lowland white fir, is more abundant in the Sedro Woolley 
bog, being best represented in the lower half of the profile and attaining its 
maximum of 17 per cent at 3.5 meters. In the other its maximum is 11 per 
cent at 0.5 meter, and it is consistently low^ throughout the spectrum. As was 
previously stated, the extensive lowland area in the vicinity of Sedro 
Woolley is perhaps responsible for the greater abuiidanee of spruce and fir 
pollen in that peat deposit. Sitka spruce is one of the chief dominants in the 
hemlock-spruce climax forest in the fog belt along the Pacific Ocean. Broad- 
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leaf trees are best represented by alder,, and willow and maple are re(-orde(l 
sporadically. Because of their local occurrence these s[)e{nes are ])robahly 
not indicators of forest succession. Sedge, cattail, waterlily, and eidcads are 
represented in varying* quantities and niarlc tlie progression of liydrarch 
succession in the bog itself. 

CLIMATIC CONSIDERATIONS 

In several earlier papers on pollen analysis of Pacific northwest bogs, the 
author tentatively suggested a rather complex interpretation of postglacial 
climate. With the study of additional pollen profiles in this region, a more 
intensive stud}" of literature dealing with the characteristics, requirements, 
and distribution of northwest conifers, and observation of them in the field, 
the conclusion has been reached that the climate has not been the most impor- 
tant factor concerned wdth postglacial forest succession. Forest siieeession 
east of the Cascades may have been influenced more b.v climate than that in 
the Puget lowland. Tolerance of shade, longevity, ainount and frequency of 
seed production and age at initial seed production, retention of ’inability, 
ability of seed to survive fire, rate of growth, size, adaptability, susceptibility 
to disease, ability to withstand woiid and fire, soil requirements, depth of 
root system, are some of the characteristics that in tlieir interplay and com- 
promise wdtli one another in the same and different species have largely 
influenced forest succession. Tolerance of shade, longevity, age at initial seed 
production, and recovery after extensive fire are perhaps the most impor- 
tant. The present geographic and climatic ranges of the species concerned 
do not seem to be adequate criteria upon wliieli to base interpretation of 
climatic trends from pollen profiles. The presence of a species in several 
regions may reflect different climates, depending upon the ecological rela- 
tions of its associates. Also, a species ma}^ respond differently in areas of 
similar climate when associated with different species, or edapliic and topo- 
graphic conditions. It would seem logical to assume that the optimum climate 
for a species prevails in a region wdiere it makes its greatest sustained 
growth. Competition, how’ever, may prevent its inaximum development in 
an area of optimum climate, wflile lack of competition may permit its greater 
development in a region wdth less favorable climate. It is realized that all 
groups of environmental factors, namely ]3h}"siographie, edaphie, climatic, 
and biotic, form an intangible, interrelated complex, each factor modifying 
the effect of the others. Not only may the limiting factor belong to any group, 
but other factors may assume the limiting role if the balance is altered. 

In the hemlock-cedar climax of the Puget Sound basin, intolerance of 
Douglas fir seedlings for shade is perhaps the principal cause of the sub- 
climax status of this species. Aggressiveness in invading recent burns and 
■ cutovers has enabled it to persist as one of the chief dominants during most 
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of postglacial tiiiie. Judd (1915) stated that Douglas fir exists in the Puget 
Soiind region only as a temporary type, which would have vanished long ago 
if it had not been for the effects of holocaustic fires. A parallel situation 
exists in northern Idaho, where western white pine likewise has been able 
to inaintain itself in a region nornially forested with a climax consisting of 
western hemlock, western red cedar, and lowland white fir (Hubermann 
1935). x\. pollen profile from this region indicates that this has been true for 
a large portion of postglacial time (Hansen 1939a). 

The pioneer invasion by lodgepole pine may have been partly due to 
climate and largely due to unstable edaphie and physiographic conditions. 
The characteristics of lodgepole pine are such that it thrives in a wider 
range of ecological conditions than other Pacific northwest conifers, which 
indicates that it can survive in a vacillating environment. Two traits, how- 
ever, that have prevented it from retaining its initial predominance in the 
Puget lowland are its intolerance of shade and its relatively short life. In a 
static eiivironinent it is unable to compete with the more tolerant and longer- 
lived Douglas fir Avhich thrives almost as readily in a sterile soil. The pioneer 
invasion of deglaciated terrain is attributed to its glacial existence near 
the ice-front, its early and prolific seed production, retention of seed viabil- 
ity, and ability to germinate in sterile mineral soil left in the wake of the 
retreating ice. Lodgepole pine produces seed as early as six years, and so can 
migrate and re-establish itself readily under changing edaphie and phys- 
iographic conditions, A tree needing 25 years or more to produce seed 
would be at a disadvantage before an oscillating ice-front, because it might 
not reach this period before a radical change in ice-position, drainage, 
deposition, erosion, or inundation of site destroyed it. Douglas fir and west- 
ern heinlock would be unable to compete with lodgepole pine because of 
their greater age before jproducing seed. As the ice retreated farther and its 
wasting no longer created unstable edaphie and physiographic conditions, 
these and less aggressive species gained a foothold. With the moderated and 
more static conditions, lodgepole was no longer able to compete with the 
longer-lived and more tolerant Douglas fir, and was replaced. The latter 
would hai^e been replaced in turn by the more tolerant hemlock and red 
cedar if forest succession were not periodically interrupted by fire, wlii'ch 
caused a reversion to the subclimax type. If ^ve assume that 500 years are 
necessary for a Douglas fir forest to be converted to the climax type, forest 
succession must have been interrupted many times during the postglacial 
time elapsed since the invasion of the first Douglas fir. 

While it may be assumed that forest succession progresses under a static 
climate, nevertheless there probably have been climatic trends during the 
estimated 25,000 years since deglaciation. The proximity of the ice would in 
itself afford a cooler climate, because melting ice absorbs considerable heat. 
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A¥iiicls blowing off the iee may have failed to lose their moisture. On the 
other hand the cooling effects upon the ocean-borne air currents may have 
caused the latter to lose moisture. The pioneer forests suggest an initial cool 
and damp climate. The writer believes that it was dryer than the present 
humid climate. The existence of lodgepole pine in the wet climate along the 
Pacific Coast may be due to lack of competition by other species that cannot 
withstand the constant winds and sand-shear, rather than to a hydrophilic 
nature. The increase of Douglas fir followed b.y that of hemlock suggests an 
increase in humidity and temperature to a maximum which may persist to 
the present. A decrease in humidity in the latter part of the postglacial 
period is suggested by a sharp decline in Sitka spruce from a high maximum 
recorded in a pollen profile in southwestern British Columbia, about 60 miles 
northwest of Sedro Woolley. 

The whole problem seems to resolve itself into the question of (1) what 
degree of species fluctuation in a pollen profile indicates a change in forest 
composition, and (2) to what extent does a change in the forest composition 
justify an interpreted climatic trend. 

summary 

Postglacial forest succession in the Puget Sound basin evidenced by 
pollen studies of two post-Vashon bogs about 100 miles apart corroborates 
the evidence of previous analyses of other peat deposits in the same region. 

The pioneer forests consisted chiefly of lodgepole and western white pine. 
These were replaced rather abruptly by Douglas fir, which was followed b}" 
a more gradual increase of western hemlock. In areas adjacent to the Sedro 
Woolley bog hemlock eventually superseded the former and retained its 
predominance to the present. In the vicinity of the other peat deposit, 
Douglas fir and hemlock have remained generally equal as indicated in the 
upper levels. 

Notwithstanding the evidence that forest succession in the Puget Sound 
basin is largely controlled by non-climatie factors, the author believes there 
have been several climatic trends, even though slight. The initial climate was 
perhaps cooler and dryer than the present humid, microtherniai type. This 
was succeeded by an increase in humidity with some warming. The maxinium 
of the latter trend may persist to the present, as there is no indication in the 
pollen profiles of further change. 

Department OF Botany 
Oregon State College 
Corvallis, Oregon 
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THE GENUS ORCUTTIA 
Robert F. PIoover 


The k;iiowledg*e of Orciittia^ a peculiar geims of grasses luitiA^e to Califor- 
nia, until quite recently has been derived from an exceedingly small number 
of diverse collections from widely separated localities. During the past few 
.years, I have had the opportunity of studying in their native habitat all 
forms of Orciittia except one. In view of the extremely scanty records pre- 
viously a vailable to botanists, it seems desirable to place on record the results 
of these studies. 

In 1886 Orcuitia calif or nica was discovered by C. R. Oreutt on the coast 
of Baja California. The plant was recognized by Vasey^ as representing a 
genus not previously described and was named for the collector. A collection 
made in the Sacramento Valley by E. L. Greene in 1890 proved to belong to 
the same genus but differed so markedly from the Oreutt speeimens in certain 
respects that it was regarded as a distinct species and named, also by Yasey, 
Orcuitia Greenei. For a number of years thereafter, there is no further rec- 
ord of the finding of either of these species, A third collection, made in 
Shasta County, California, by Miss Alice Eastwood in 1912, was referred at 
first to 0. calif ornica but was later recognized as distinct and named Orciitiia 
iemds by A. S. Hitcheoek in 1934. It is rather remarkable that the first three 
collections of the genus should represent three different species. 

It was not until detailed studies of the neglected flora of the Great Valley 
of California were undertaken that the distribution and ecology of Orciittia 
became fairly well known. The oeeurrence of 0. calif or nica in the Great Val- 
ley a|3pears to have been first noted by Klyver- in connection with an eeologic 
study of a transect of the Sierra Nevada in Fresno County. In 1935 I found 
a plant in Stanislaus and Merced Counties which was described as 0. 
inaequalis d Further study has indicated that 0. maequalis is merely a geo- 
graphically segregated variant of 0. calif ornica. In 1936 more extended field 
observations established the general distribution of that species in the San 
Joaquin Valle}^ and also led to the rediscovery in tlie same region of 0. 
Greenei, which had remained unknown since the time of its first collection. 
In addition, 0. tenuis was again found in Shasta County, and a fourth spe- 
cies, preAdously unknown, was collected in Stanislaus County. 

The grasses are generally thought to be exceptionall}^ good subjects for 
herbarium stud.y, because there is less distortion of the tissues in drying than 
in most groups of plants. However, even if the structural features could be 
perfectly preserved, proper evaluation of these features would not be 

1 West Am. Sei. 3: 4-6. 1886. 

2 Ecology 12: 1-17. 1931. 

3 Hoover, E. F., Notes on California grasses. Madrono 3: 227-230. 1936. 
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obtained by examination of dried speeiinens alone. Questions such as the 
following would still need to be answered : Which differences among indi- 
vidual plants are directly due to nutrition, and which are independent of 
environment f In what respects does the plant change as it approaches matu- 
rity? When two or more closely related forms occur at the same locality, do 
they appear genetically distinct, or are they mixed in the same colonies in 
such a manner as to suggest eoininon parentage ? A collector may select plants 
which illustrate extremes of variation and unintentionally overlook inter- 
mediate states. In such cases, field study is needed to demonstrate the exis- 
tence and the relative frequency of intermediates. 

Study of the plants as they grow has tended to minimize the importance 
of certain differences which have been regarded as specific eharaeters, but 
at the same time has shown that definite recognizable units actually exist in 
Orcuttia. Sufficient material has been available so that in no instance has it 
been necessary to define a species on the basis of one collection only or of 
collections made during a single year. The possibility of confusing seasonal 
variations wuth constant entities is thus avoided. The amount of pubescence, 
which was one of the characters used by Hitchcock-^ as a means of distinguish- 
ing species in this genus, is found to be variable among plants ■which are 
otherwise identical and therefore is of little significance. Readily recogniz- 
able species in this genus are distinguished principally by the arrangement 
of the spikelets and the nature of the lemma teeth. Other features are often 
of some importance, but it is necessary to exercise caution in distinguishing 
between specific differences and individual variation. 

The ecological relationships of Orcuttia are extremely interesting and 
offer some puzzling problems for the attention of plant physiologists. All the 
species occupy the same sort of habitat, growing in clay soil of depressions, 
popularly called ^ diog-wullow' s, ’ ’ -which are filled wuth water during the 
rainy season but become dry in early summer. The genus occurs most exten- 
sively on the east side of the Great Yalley of California (Sacramento and 
San Joaquin Valleys) but extends southward at widely separated localities 
into northeim Baja California. In the Great Yalley two of the species are 
rather common along a narrow strip near the border of the Sierra Nevada 
foothills. Although numerous ^^hog-w^allow’^ depressions similar to those 
inhabited by Orcuttia are frequent throughout the -width of the valley, no 
species of Orcuttia has been found more than a few miles from the eastern 
margin. Two possibilities for this peculiar sort of distribution can be sug- 
gested. It has been observed that Orcuttia occurs nearly ahvaj^s in areas of 
red soil, chiefly of the San Joaquin series. Assuming that the red color indi- 
cates the presence of a large amount of iron, it seems plausible that these 
grasses may be more sensitive to a deficiency of that element than are most 


4 Manual of the grasses of the United States. 1935. 
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plants. Another explanation is siig*g‘ested by the fact that the soil of extensive 
areas in the Great Valley, except near the eastern niaryin, eoiitains large 
amounts of soluble minerals or alkali.’^ The absence of all species of 
Orcuttia from such areas indicates that these plants may be uiiable to tolerate 
either some particular substance or a concentrated soil solution of ani' sort. 

All species of Orcuttia reach anthesis in May, when tlie soil ivhere tliey 
grow is still moist but rapidly drying, and bear mature fruit in June ami 
July, after the soil has become dry and hard. The flowers begin to dev(‘lop 
at a time when the associated species of Bowningia, Allocaryay and Mimulm 
have for the most part already come to maturity and wlien Pogogyne^ Bois- 
duvalia, and Navarretia are in full flower. The perennial Eryngium Yaseyif 
which reaches complete maturity e\’en later in the suminer, is often the only 
plant associated with Orcuttia and actively growing at the same period, but 
such annuals as Cyperus acummatus and Bergia texana are sometimes com- 
ponents of the same plant society. 

Orcuttia tenuis and at least some forms of 0. calif o)‘nica tend to produce 
long slender ribbon-like juvenile leaves before the development of the sterns. 
The actual development of such floating leaves, howe^aM*, depends to a large 
degree on environmental conditions and is therefore not seen in all speci- 
mens. After the soil of the ‘ Jiog- wallow ^ ’ depressions has become quite dry, 
Orcuttia develops a hygroscopic viscid secretion liaving a characteristic odor. 
This secretion is evidently found in all forms of the genus but is rather 
sparingly produced in some. The amount of the seeretion appears to vary 
also with the weather, being less noticeable on cool cloudy days. This viscid 
fluid probably serves to prevent excessive water loss during tlie development 
of the fruit and because of its hygroscopic nature may even serve to supply 
the plant with water from the atmosphere. 

The species of Orcuttia are, generally speaking, very easily exterminated 
by the operations of agriculture. With the apparent exception of 0. pilosa, 
plowing of the ground where they occur usually prevents the reappearance 
of these plants in following years. It has been customary in plowing grain 
fields to pass over depressions which are filled with water for se^^eral months, 
since grain would not grow in such spots. This practice has caused the preser- 
vation of 0. Greenei and 0. calif oiniica at many localities in tlie San Joaquin 
Valley. Summer irrigation, however, effectively exterminates these species. 
With the extensive replacement of wheat and barley by other crops recpiir- 
ing more intensive cultivation, the final disappearanee of Orcuttia from its 
native habitat must soon take place. 

The phylogeny of Orcuttia is obscure. There is an obvious relationship 
to N eostapfia, a very rare monotypic Californian genus which grows in sim- 
ilar situations, often in association with Orcuttia. Neostapfia is viscid like 
Orcuttia and has the same distinctive odor. There is no clear indication that 



152 


BULLETIN OP THE TORREY CLUB 


[ VOL. 6S 


aiiA" other genus of grasses is closely related to these two genera. It is gen- 
erally agreed that they are members of the tribe Festnceae. Because of its 
iinbranehed inflorescence and vernal-pool habitat, I am inclined to believe 
that Pleiiropogon is involved in the ancestry of Orctittia and Neostapfia^ but 
it is at present impossible to follow the course of evolutionary development 
in this group of genera. In the spicate inflorescence there is a superficial re- 
semblance to Sesleria, an exclusively Old-World genus of perennials, whieli 
does not appear likely to be directly related to Oreuttia. The striking simi- 
larity between OrcuUia and Neostapfia and the characters of 0. Greenei 
indicate the fallacy of classifying Orctittia with such, xerophytic genera as 
Pappophoriim^ in which the lemmas are parted into several awns, althougli 
some authors have regarded the awn-like lemma-teeth of 0. calif or nica as 
evidence of relationship to such genera. Oreuttia is peculiar in that not only 
the fruit itself but also the florets and the spikelets are persistent after 
maturity. The fruit is therefore not liberated until the entire plant disinte- 
grates diirjng the following rainy season. This remarkable feature may be 
regarded as an indication of highly advanced phylogenetic position. 

It has been possible to examine material representing all known collec- 
tions of Oreuttia with the exception of the type of 0. Greenei, of which I 
have seen a photograph. A few collections were made by the writer to sIioav 
some biological feature, such as the long juvenile leaves, and are not repre- 
sented by a full series of specimens. All other known collections of the genus 
are cited in this article. The material cited is preserved in the following 
herbaria: California Academy of Sciences (CA), Dudley Herbarium, Stan- 
ford University (S), University of California (UC). 

Orcuttia Vasey, West Am. Sci. 3: 4. 1886. xinnuals with fibrous roots. 
Plants from pilose throughout to nearly glabrous, at maturity A^iscid and 
with a characteristic odor suggesting that of lemons. Stems tufted, fragile at 
the nodes. Leaves differentiated into sheath and blade but with ligule repre- 
sented only by a row of hairs, the blades involute in age. Inflorescence 
spicate. Spikelets compressed, several-flowered, persistent in fruit and the 
racliilla not disarticulating. Glumes cleft into 2-5 acute teeth or sometimes 
acute and entire. Lemma with about 11-15 veins, with 5-9 acute or awn-like 
teeth at apex. Palea with 2 green keels terminating below the obtuse or some- 
what three-lobed apex. Each cell of anther wdth a minute papilla at the base 
and a short incurved point at apex. Caryopsis small, .yellowish, the enibiwo 
extending almost the entire length along one side. 

Type species : Orcuttia calif ornica Vasey. 

Key to the Species and Varieties 

Spikelets spirally arranged, evenly distributed aToiind the axis; lemma with 5 to 9 very 

short teeth at apex.. 1 . o. Greenei. 

Spikelets attached alternately on opposite sides of the axis, thus in two rows; lemma wdth 
5 rather long teeth. 

Spike 2 to 5 cm. long, the axis usually not strictly erect; spikelets ascending, tending 
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to grow toward one side^, thus obscuring tlie two-ranked arrangeiiieiit ; tectli of leimiia 
niiequal, the middle tooth longest. 

Spikelets l>orne only on upper tliird or fourtli of stem; glunies 2 to 5 min. long; 
lemma 3 to 6 mm. long. 

Plant rather sparingly pilose, light green; s[)ikelets 4 to 10, not crowded: 

( f r ii i t link no wn ) 2. 0. ca I i form' (‘a. 

Plant conspicuously jiilose, grayish; spikelets 7 to 15, tlie upper d^n^elv 
crowded; caryopsis 1.3 to 1.75 mm. long. 

2a. 0. calif ornlra \'ar. inaeqjmlis. 
Spikelets often extending as low as middle of stem ; glunu's d to lu mm. long; 

lemma 6 to 8 mm. long; caryopsis 2.5 mm. long 2 b. 0. calif or nira var. viscida. 

Spike 5 to 10 cm. long, the axis strictly erect; spikelets usually appn'ssed to tlie axis, 
obviously two-ranked; lateral teeth of lemma equalling tlie median tooth. 

Stems rattier stout; leaf-blades when unrolled 2 to O mm. wide* at widest ])oint; 
upper spikelets densely crowded, all except tlie lowermost iiiany-iiowered. 

3. 0. pUosa. 

Stems slender; leaf -blades when unrolled 1 to 2 inni. wide at voidest point; spike- 
lets not crowded, all except the uppermost few-flowered 4. 0. tenuis, 

1. Orcuttia Greenei Yase.y, Bot. Gaz. 16: 146. 1891. Plant not pro- 
ducing* long* juvenile basal leaves, only slightly glandular at niaturit}";- stems 
5 to 30 cm. long, erect or decumbent at base; nodes hairy, often purplish, 
excessively fragile in fresh plants ; leaves more or less liairy tliroiigliout or 
only on the upper surface of the blades, the sheaths shorter tlian tlie inter- 
nodes at maturity; spike 2 to 9 cm. long, enlarged toward apex; spikelets 
spirally arranged (not two-ranked), the lowest hardly longer than the inter- 
nodes, the upper congested, with 5 to 15 flowers; glumes 3 to 5 mm. long, 
toothed or subentire at apex; lemma 5 to 7 min. long, ratlier sparingly 
liairy, broadest below the middle, obliquely truneate and with 2 to 4 very 
sliort teeth on either side of the prominent apical point ; palea obtusely tliree- 
lobed at apex, the veins terminating in the sinuses; anthers 3 to 3.5 mm. 
long; caryopsis 2.25 to 2.5 mm. long, very minutel}' but rather conspieiiousl}' 
roughened. 

Great Valley of California, near the eastern inargin from Tehama County 
to Tulare Countyq 

California — tehama co. : near Vina, Hoover 2249 (UC). butte co. : near 
Chico, 1890, Greene (photograph of type, UC). san joaqijin co. : Farming- 
ton, Hoover 1802 (CA) ; 2 miles east of Esealon, Hoover 1288 (S). Stanis- 
laus CO. : Paulsell, Hoover 2441 (UC) ; 3 miles north west of Waterford, 
Hoover 1582 {GK),2476 (S) ; 12 miles east of Waterford, Hoover 1240 (CA, 
UC), 8625 (S). MERCED CO.: 2 miles northeast of Planada, Hoover 2308 (8, 
UC) ; 5 miles southeast of Le Grand, Hoover 1255 (CA) . madera co. : 8 miles 
north of Madera, Hoover 1251 (CA, UC). presno co. : 5 miles east of Clovis, 
Hoover 2817 (S, UC) ; 4 miles north of Sanger, Hoover 1261 (CA). tijlare 
CO.: Woodlake, Hoover 1287 (CA). 

This species appears to be the commonest of the genus and is remarkably 
uniform in its characters. Together with species such as Linmanthes rosea^ 
IJowningia ornatissima, and B. mirahilis, it belongs to a well defined group 
of endemic plants of the vernal pools in the Great Valley of California. The 
number of lemma-teeth has no taxonomic significance, as it varies within a 
single spikelet. 
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From the aboYe citations, it will be noticed that 0. Greenei apparently 
occurs ill two separate areas, the upper Sacramento Valley and the eastern 
margin of the San Joaquin Valley. Study of the geographical distribution of 
other plants occurring in the same region indicates that the range of this- 
species should be continuous. In all probability it has been overlooked by col- 
lectors in the lower Sacramento Valley, or perhaps it has already been exter- 
niiiiated in that region. 

2. Orcuttia calipornica Vasey, West Am. Sci. 3: 4. 1886. Plant from 
sparingly to moderately pilose, evidently without long basal leaves in the 
typical form ; stems 10-50, spreading or ascending, 5-15 cm. long ; sheaths 
of leaves mostly longer than the internodes and concealing the nodes (ma- 
ture plants not seen) ; spikes 2-5 cm. long; spikelets alternate on opposite 
sides of the axis, ascending, tending to be all directed to one side, rather few 
(4r-10), the lower not overlapping and even the upper not densety crowded, 
with about 4 to 12 flowers ; glumes 2 to 4 mm. long ; lemma sparsely hairy or 
nearly glabrous, 4 to 5 mm. long, parted above the middle into 5 subulate 
teeth, the middle tooth slightly exceeding the lateral; anthers 2 to 2.75 mm. 
long ; fruit unknown. 

Coastal region from Kiverside County, California, to northern Baja Cali- 
fornia. 

California — riverside cO; : Menifee Valley, Munz & Johnston 5375 (CA, 
S, IJC). Baja California: near San Quentin Bay, Orcutt 1439 (type col- 
lection, S, IJC). 

The species on which the genus was originally based is the only one which 
is still very poorly known in the typical form. I suspect that it occurs at 
other localities in the south but has been overlooked, just as the following 
variety in the San Joaquin Valley was overlooked for many years. 

2a. Orguttia calipornica Vasey var. inaequalis Hoover, comb. nov. 0. 
maequalis Hoover, Madrono 3: 229. 1936. Plant grayish, rather densely 
pilose, producing long basal floating leaves which usually disappear at 
maturity; sheaths of leaves either longer or shorter than internodes ; stems 
from 1 to about 40, erect to spreading, 5-30 cm. long; spikelets 7-15, all 
except the lowermost densely crowded, with from 4 to as many as 30 flowers ; 
glumes 2-5 mm. long ; lemmas hairy, 3-6 mm. long, the teeth conspicuously 
unequal, awn-tipped, the middle tooth longest; earyopsis about 1.3-1.75 mm. 
long. 

San Joaquin Valley of California, near the eastern margin from Stanis- 
laus County to Tulare County. 

California — Stanislaus co. : 3 miles northw^est of Waterford, Hoover 
1230 (CA) ; Montpellier, Hoover 582 (type, IJC), 690 (CA, S, UC), 2599 
(CA). MERCED CO. : Eyer, Hoover 1256 (CA) ; 2 miles northeast of Planada, 
Hoover 2306 (S, UC). madera co. : 8 miles north of Madera, Hoover 1252 
(CA, UC). FRESNO CO. : near Lane’s Bridge, Klyver 1006 (S) ; 3 miles -west 
of Orange Hoover 1273 {^0 A), tulare co. : North Woodlake, Hoover 
1280 (CA). 

The observed differences betAveeii this plant and typical 0. calif ornica 
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are not sharply defined, but it is always possible to distingnisli tlie two. This 
fact, together with the wide geographical separation, makes it advisable to 
recognize a variety rather than treating the two forms as a unit. 

The variety inaequalis is characterized by some striking variations in 
habit. Although one habit form usually prevails in any given locality, each 
colony shows sufficient variation to prevent any formal classification on that 
basis. The most common form in Stanislaus County has short ascending 
stems. In Madera County a decumbent or j)rostrate phase is more frequent, 
while in Tulare County most of the plants are tall and erect. Rarel.y the 
spikes are branched. 

2b. Orcuttia californica Vasey var. viscida Hoover, var. nov. Plant 
tending to produce long juvenile leaves, becoming very viscid; spikes 2-5 
cm. long, the spikelets 5-15, more strictly ascending than in var. inaeqicalis 
and borne farther down on the stem; glumes 6-10 mm. long; lemma fi-S mm. 
long, with unequal awned teeth ; earyopsis 2-2.5 mm. long. 

Planta viscidissinia ; lemmatibus 6-8 mm. longis, dentibus aristatis; 
earyopside 2-2.5 mm. longa. 

Near the Sierra Nevada foothills in Sacramento Coiint\^ California. 

California — sacramento co. : 2 miles southeast of Orangevale, Carter 
1193 (UC) ; 7 miles south of Folsom, Hoover 3709 (UC, type, S). 

The long lemmas with awned teeth give to var. viscida a distinctive 
aspect. In view of the geographical proximity of this variety to var. 
inaequalis, the differences between the two show a remarkable contrast to 
the similarities between var. inaequalis and typical 0. californica. These dif- 
ferences do not seem sufficiently well defined, however, to warrant specific 
segregation, especially while the size of the earyopsis in typical 0. californica 
is not yet known. 

3. Orcuttia pilosa Hoover, sp. nov. Plant often producing long basal 
leaves which early disappear, very viscid at maturity, pilose throughoiit but 
the backs of the leaves nearly glabrous ; stems 4-50, erect but deeumbent at 
base, 5-20 cm. tall, usually in dense tufts ; spikes 5-10 cm. long, restricted 
to the upper half or third of the taller stems but extending nearly to the 
base of the shortest; spikelets 8-18, two-ranked, strictly erect or slightly 
curved outward, the upper densely crowded, about 10-40-flowered; gliinies 
about 3 mm. long, irregularly 3-5-toothed; lemmas 4-5 mm. long, parted 
above the middle into 5 equal teeth, the teeth slightly awn-tipped or merely 
acute; anthers 2.5-3 mm. long; earyopsis 1.75-2 min. long. 

Planta omnino pilosa, in maturitate viscidissinia ; eulinis 4-50, ereetis sec! 
basi decumbentibus, 5-20 cm. altis; spicis 5-10 cm. longis ; spiculis 8-18, 
biseriatis, ca. 10-40 floribus, superioribus dense congestis ; gluinis ea. 3 mm. 
longis ; lemmatibus 4-5 mm. longis, dentibus aecpialibus ; antheris 2.5-3 mm. 
longis; earyopside 1.75-2 mm. longa. 

Bast side of the San Joaquin Valley of California from Stanislaus 
County to Madera County. 
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California — Stanislaus co. : 12 miles east of Waterford, Hoover 1298 
(CA), 3624 (IJC, TYPE, S). MADERA CO.: 3 Biiles from Madera on Nortlifork 
road, 1938, Wagnon (UC) ; Croeker-Hoffmaii Eaiicli, 1938, Wagnon (UC). 

In general aspect this very rare species is quite dilfereiit from 0. tenuis, 
wliicli it closely- resembles in structural details. As long as 0. pilosa had 
been found only at one locality in Stanislaus County, there was reason to 
suspect that it was merely a robust form of 0. tenuis, and a few specimens 
were distributed by the writer under that name, but the occurrenee of 
exactly the same form in Madera County indicates that it is a well defined 
and constant entity and therefore worthy of taxonomic recognition. This 
conclusion is supported by geographical considerations. Within their widely 
separated ranges, 0. tenuis and 0. pilosa vary only within definite limits and 
never simulate each other in appearance, although it is difficult to find an 
entirely convincing morphologic basis for their segregation. 

4. Orcuttia tenuis A. S, Hitchcock, Am. Jour. Bot. 21: 131. 1934. 

Plant under favorable conditions producing long floating juvenile leaves, 
becoming very viscid at maturity, 5-15 cm. tall ; stems 1-18, slender, strictly 
erect or when crowded decumbent at base ; leaves thinly pilose throughout 
or sometimes only on the upper surface of the blades; spike 5-9 cm. long, 
extending usually below the middle of the stem, often nearly to the base; 
spikelets 6-12, not crowded, strictly erect, sparsely pilose or sometimes 
glabrous, with 2-10 flowers (all except the uppermost few-flowered), the 
lower distant; glumes 3-5 mm. long, -with 2-5 teeth at apex; lemma 4.5-6 
mm. long, parted above the middle into 5 equal awn-tipped teeth; anthers 
2.75-3,5 mm. long ; fruit unknown. 

Shasta and Tehama Counties, California, east of the Sacramento Eiver. 

California — shasta co. : Goose Valley, Eastwood 1013 (type collection, 
CA, UC) ; 5 miles east of Redding, Hoover 2268 (S, UC) ; 4 miles north of 
Anderson, Hoover 1210 (CA, UC). tehama co. : volcanic plateau northeast 
of Red Bluff, Hoover 4097 (CA, S, UC). 

Orcuttia tenuis comes into flower somewhat earlier than the species 
occurring farther south in the Great Valley, thus reversing the order of 
development observed in most genera. Under the original description, the 
habitat of 0. tenuis was said to be ''open sandy mil/' but that appears to be 
an error. The species always grows in beds of vernal pools, so far as I have 
observed. The slender erect stems, bearing spikelets nearly to the base, are 
distinctive. 



NORTH AMERICAN RANUNCULI— I 


Lyman Benson 

The following series of articles^ is a presentation of data on the Xortli 
American Ranunculi occurring north of the Mexican b()iiiidary of the United 
States. It consists of detailed geographical ranges, determination of type 
specimens, new names and new combinations, descriptions of varieties not 
included in Abrams Illustrated Flora of the Pacific States 2: 1940 witli 
the opposed characters of the typical species, and citation of a few significant 
specimens for misunderstood or rare species. In order to show the bases for 
reorganization, of species and varieties and to facilitate reference of i)lants 
to the proper categories, keys are included. 

The first paper deals with the first seven species and a complex of varie- 
ties of the subgenus Euranuncnlus, section Chrymnfhe, as delimited by 
Benson; cf. Aim Jour. Bot. 23: 26-33, 169-176. 1936. 27: 799-807. 1940. 

SECT. 1. CTTRYSANTHE (SPACH) L. BENSON 
KEY TO THE SPECIES 

Aclieiie beaks not over 2 min. long, regularly-eurved or hooked. 

Fruiting receptacle not more than 2.5 times the length iii anthesis; head of aclienes 

hemispherical or globose. 

Petals large and conspicuous, 6-18 mm. long, at least t^viee as long as the sepals. 

Stems rooting at the nodes 3 . B. repens. 

Stems never rooting adventitiously (except at some suliterranean nodes near the 
stem base in B. calif ornicus var. cuneatus. 

Stern l^ase a conspicuous, bulb-like, subterranean thickening 6-7 mm. long by 

10-13 mm. in diameter 4. B. hulbosiis. 

Stem base not bulbous. 

Sepals spreading; petals clawless or nearly so; stems uiiliranelied in the first 


2-3 dm. 

Achene beak 0.3-0. 6 mm. long 1. B. acris. 

Aehene beak 1.2-1. 7 mm. long 2. B. acriformis. 


Sepals refiexed at or below the middles (except in B. occidenialis var. T/Yrncrf) ; 
petals with claws; stems usually branched in the first 2 dm. 

Achenes 1-3 or rarely 3.5 mm. long. 

Petals 5-6 or rarely 7-9 or 12, the blades 1-2 or rarely 2.5 times as long 

as broad 5. B. occidentalis. 

Petals 9-16 or 26, rarely feAver, the blades 2-2.5 times as long as broad. 

6. B. calif ornieus. 

Achenes 3.5 or usually 4-5 mm. long; petal blades 1-2 or, in a variety, 2-2.5 
times as long as broad 7. B. caniis. 


1 This is the first of a series of fiA^e articles dealing Avith the taxonomy of North 
American Banuncidi. 
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Petals iiiiiiiite, 4 niiii. long or less, or 4-6 mm. in a rare soutlieni Colorado variety of 
jR. Bongardii ; petals and sepals of about equal length. 

Receptacle conspicuously hairy, usually 3-4 mm. long in fruit. 

Nectary scale forming a pocket one-fourth the size of the petal; stem base 
bulbous, the plant perennial; herbage hirsute; achenes finely reticulate; cauline 

leaves simple, parted and toothed, the teeth obtuse 8. B. recurvatus. 

Nectary scale not forming a pocket, free laterally; stern base unknown, the plant 
perhaps annual; herbage glabrous; achenes somewhat rough-reticulate (on a 
much larger pattern) ; cauline leaves pinnately 3-foliolate, the lateral parts 

simple or 2-3-toothed 10. B. Macoumi .2 

Receptacle glabrous; nectary scale not forming a pocket, free laterally, much less 
than oiie-fourtli the size of the petal; stem base not bulbous; cauline leaves 

parted and lobed, the lobes acute 9. B. Bongardi, 

Fruiting receptacle at least 3 times the length in anthesis, hispid; head of achenes 
ovoid or cylindrical. 

Sepals equal to or a little shorter than the petals, the petals 3 or 5-7 mm. long; head 
of achenes ovoid, 7-9 mm. long; stems often rooting at the nodes. 

10. B. Macounli. 


Sepals about twice the length of the petals, the petals 2-3 mm. long; head of achenes 
cylindrical, 11-17 mm. long; stems never rooting adventitiously. 

11. B. 'pennsylvanicus. 

Achene beaks 2-4 mm. long, straight or bent but not regularly-curved and not hooked at 
the tips for more than 0.1 mm. (ef. also B. occidentalis vars. dissectus and Iloivellii) ; 
receptacle hispid. 

Petals 8-18 ; roots of the main fascicle all alike (B. fascicidaris var. cuneif ormis has 
7-9 petals, but it has the roots of the main fascicle differentiated into two types). 

12. B. macrmifhus. 

Petals 5 or 6. 

Roots of the main fascicle all alike, not differentiated into tAvo types. 

Sepals refiexed. 

Petals 4-7 mm. broad, rarely narroAver; stems usually 1.5 mm. or more in diam- 
eter (except in B. Bloomeri, AAdiich has usually emarginate petals). 

Petals not emarginate; leaves at least sparsely hairy. 

Sepals tAA'o-thirds or three fourths the length of the petals; leaflets of the 
radical leaves 3 or the leaves simple ; plants often stolonif erous in summer. 

16. B. septentrionalis. 

Sepals half the length of the petals; leaflets of the radical leaves 3-7 ; plants 


never stoloniferous 13. B, orthorliynchiis. 

Petals usually emarginate; leaA^es glabrous, shining 14. B. Bloomeri. 

Petals 2-3 or rarely 4 mm. broad; stems 0.7-1. 5 or 2 mm. in diameter ; plant 
subglabrous 15. B. caroUmaniis. 


Sepals spreading (rarely reflexed in B, septentrionalis, as shoAAUi in the key above). 

Sepals tAVo-thirds or three-fourths the length of the petals; i)lant often stolon- 
iferous in summer; achene keel Avell-marked ; plant usually, but not alAvays, 
either subglabrous or sparsely hairy 16. B, septentrionalis. 

Sepals half the length of the petals; plant never stoloniferous; achene keel 
obscure; plant always markedly hairy 17. M. Mspidns. 

Roots of the main fascicle of tAvo kinds, some filiform (about 0.5 mm. in diameter) 
and some fleshy or tuberous and 1-5 mm. in diameter 18. B. faseictilaris. 


2 A reduced form occurring along Peace River. 
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1. Kanunculus acris L. Sp. PL 554. 1753. Pastures, meadows, and 
roadsides at low ele\mtioiis or up to 1,000 or 1,300 meters ele\'atioii in the 
Western iiioiintains ; Europe; naturalized in North America at Kodiak and 
King Cove, Alaska and from British Coiiiinbia to Saskatcliewaii and to 
Western Washington, Oregon (Salem, Brooks, and Union), and Missouri; 
Minnesota and northern Illinois to Labrador and New England and south on 
the Atlantic coastal plain to North Carolina ; Greenland and Iceland. 

Type coUection: in Europae pjratis^ pascuis/^ 

A European form called Baminculus acris var. Sfevenii (Andrz.) Lange 
has been distinguished by its less-dissected leaves with broadly oblanceolate or 
more-or-less cuneate segments. This form occurs in the Craigmyle District, 
Alberta, and from Quebec to Newfoundland, Nova Scotia, New England, 
and New York, and is occasional elsewhere. According to the viewpoint of the 
writer, the characters of this plant do not entitle it to recognition as a variety. 

According to a note by Ora Parker Phelps, Ehodora 21: 208. 1919, 
Banuncidus Boraeaniis Jordan, Obs. PI. Crit. (6) 19. 1847, a Central-Euro- 
pean relative or variety of B. acris with finely-dissected lea\^es, was foiiiid in 
1919 at Gansevoort, New York. It was identified by Dr. M. L. Fernald. 

2. Kanunculus acriformis A. Gray, Proc. Am. Acad. 21: 374. 1886. 
Wet meadow land at 2,000-2,500 meters elevation; reported from Alberta; 
Sweetwater County to Laramie County, Wyoming; Laramie Eiver in Colo- 
rado. Plains grassland. June and July. 

Typte collection: ^^B. acris^ Hook. FI. i. 18, & Loud. Jour. Bot. vi. 66, not 
L. — Northern Eoeky Mountains, lat. 58°, Driimmond, Wyoming, Parry 
(distrib. as E. affinis). Wind Eiver, Dr. Forwood, and near Cheyenne, 
Greene.’’ Hooker, l.c., cites the Drummond specimen as follows: ‘‘Banks of 
rivers in the central limestone district, and eastern primitive range, from 
Canada to lat. 58°, Drummond.” 

Significant specimens: Colorado: Laramie Eiver, Crandall in 1891, NY, 
US. lowA: Belmond, Whited in 1903, WSC (questionable identification).'’ 

3. Kanunculus repens L. Sp. PL 554. 1753. B. Clintonii Beck, Bot. N. 
& Mid. St. 9. 1833. 

The symbols used for the herbaria in whieh specimens are located are as follows : 
S, Dudley Herbarium, Stanford University; NY, New York Botanical Garden; GH, Gray 
Herbarium, Harvard University; US, United States National Herbarium; IJW, University 
of Washington; T, J. W. Thompson, Seattle, Washington; WSC, Washington State Col- 
lege; UO, University of Oregon; WILL, Willamette University; OSC, Oregon State Col- 
lege; UC, University of California; J, W. L. Jepson, University of California; CA, Cali- 
fornia Academy of Sciences; SBM, Santa Barbara Museum; P, Pomona College; ISB, 
University of Idaho Southern Branch; UA, University of Arizona; SAC, U. S. Field Sta- 
tion, Saeaton, Arizona; COLO, University of Colorado Museum; P, Mr. 0. A. Parwell, 
Lake Linden, Michigan ; B, Lyman Benson, University of Arizona ; MINN, University of 
Minnesota; MICH, University of Michigan; CORN, Cornell University; K, Kansas State 
College of Agriculture and Applied Science; HGr, Herbarium Greeneanum. 
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Stems prostrate/ rooting adveiititioiisly at practically every node, 1-50 
dm. long and 0.7-1. 5 mm. in diameter, not fistulous, appressed-liairy in the 
typical form; leaf blades compound, deltoid-cordate in outline, 1.5-6 cm. 
long, 2-8 cm. broad, pinnate with 3 sessile or petiolulate leaflets, which are 
proxiinally ciineate and distally lobed and toothed but acute in outline, mid- 
dle petioliile up to 4 cm. long, the lateral petioliiies up to 2 cm. long ; petals 5, 
7-13 iiiin. long ; achenes 20-25 in a subgiobose head ; receptacle subgiobose- 
ovoid. 

Meadows and marsh borders at low altitudes or up to 1,500 meters in the 
Rocky Mountains; Europe; naturalized in North America from the south 
coast of Alaska to coastal California as far south as Carmel River (also at 
Cobb Valley in Lake County, at Quincy, Bear Valley, and Pine Ridge 
(Fresno County) in the Sierra Nevada, and at Goose Lake) ; Rocky Mountain 
System in Custer County, Idaho and at Denver, Colorado ; Quebec to New- 
foundland and North Carolina. May to September. 

Often a lawn Aveed, the prostrate habit and adventitious roots cheating 
the mower. 

Type collections: (1) E, repens, ‘^Haloitat in Buropae eultisJ' (2) E. 
Clintonii, ^‘Hab. Banks of Canal near Rome, Oneida Co., N. Y.’’ 

Dr. M. L. Fernald, Rhodora 21 : 169. 1919, gives the following key for 
segregation of the varieties of E. rep)ens:^ 

A. Middle leaflet of the basal leaves cuneate to subtruncate at the base: petals 5-9; 

stamens numerous B. 

B. Lobes and teeth of the leaves deltoid or obovate to oblong, obtuse or bluntish. 

Trailing or repent branches or stolons present. 


Stems and petioles distinctly pubescent. 

Pubescence oppressed U. re pens L. 

Pubescence wide-spreading Yar. viUosus Lamotte. 

Stems and petioles glabrous or nearly so Yar. glabratus DC. 

Trailing or repent branches wanting Yar. erect us DC. 


B. Lobes and teeth of the much-cleft leaves lanceolate to linear, acuminate. 

Yar. line aril oh us DC. 

A. Middle leaflet of the basal leaves rounded or subcordate at the base: petals very 

numerous, forming a double flower Yar. plentiflorus Pern. 

E. repens Amr. villosns LaMotte is the common spreading-hirsute form of 
the species. On the Pacific Slope it is the dominant form, and, in fact, the 
typical species is uncommon or even rare (collected only as folloAvs: Salem, 

4 AVlierever abbreviated descriptions are given under the name of the species alone 
they apply to the typical variety and not to the species as a whole. 

5 While the validity of the philosophy behind the use of the formal name ^S'ar. 
typica ’ ^ is admitted, it is the opinion of the author that publication of formal trinomials 
for typical varieties is unnecessary. The long-established custom is to consider the plant 
described under the specific name as the typical variety within the species and to give 
varietal names to only the other varieties of the species. ^ 
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Oregon. J. 61 Nelson 225 ; Novo, Mendocino, Conn to-g California, l)uncmi 181; 
Alhambra, California, Mrs. J. D. Abrams). Howevei*, aia-ordiiig to tin* Ao\,n\'- 
point of the writer, the “var. viUosiis’^ is not worthy of jna'ognition as a 
variety. 


3A. Ranunculus repens L. var. glabratus DC. Prodr. 1; 38. 1824. 
Similar to but ei^en more robust than var. erect us and perhaps not distinct 
from it ; stoloniferoiis ; stems up to 7 or 9 dm. long ; leaf blades up to 10 or 
11 cm. long and 13 cm. broad, petiolules as much as 2.5 cm. long ; flowers in 
an extreme form subeymose; j^etals 5; receptacle and liead of aclienes some- 
times ovoid-CAdindrieal. 

European plant naturalized in wet places here and there from Quebec 
and Newfoundland to New England and New Jersey - Farmington and Salt 
Lake City, Utah, May to August. 

The extreme form is so strikingly different from B. repens as to seem to be 
another species, but intermediates are more common than the extremes. 

Type collection: None given, European. 

Significant specimens (representative of the extreme form) : Newfound- 
land : Force le Plain, Harry's Brook, B. B. Kennedy S36, GH. Quebec : Carle- 
ton, Collins y Fernaldy cb Pease in 1904, GH. Utah: Farmington, M. E. Jones 
in 1881, NY, Clemens in 1908, GH. New Jersey : Closter ( f ) , unnamed collec- 
for in 1861, GH. Massachusetts: AA^ellesley, Gilbert in 1894, GH ; Nantucket, 
Day 4 in 1900, GH; Botanic Garden of Harvard University in 1862, GH. 

3B. Ranunculus repens L. var. erectus DC. Prodr. 1 : 38. 1824. Grow- 
ing often in shallow water of meadow or marsh land: naturalized in the 
Puget Sound Region and southward at scattered stations mostly near the 
ocean coast to Curry County, Oregon; Santa Cruz, California; occasional 
in Quebec and Newfoundland. Mav to Julv. Cf. L. Benson in Abrams, 111. FI. 
Paeif. St.2: 1940. 

Type collection: None given, European. 

B. repens var. lineeirilobiis DC. occurs sparingly in New England. The 
following specimens are in the Gray Herbarium: Cutler, Maine, Kennedy, 
WilliamSy ColUnSy cb Fernald in 1902 ; Waverly Oaks, Gray Herbarium Local 
Collectiony 1894 ; Nantucket, Mass., Day 13 in 1900. According to the view- 
l)oint of the writer, this form is not worthy of recognition as a variety. The 
status of the plant is about the equivalent of that of B. acris, var. Stevenii, 
since there is only the degree of dissection of the leaves to distinguish it. 

3C. Ranunculus repens L. var. pleniplorus Pern. Rhodora 19: 138. 
1917. Wet ground, an occasional escape from gardens in New York, New 
England, and Maryland ; Liberty, Kittitas County, AYashingtoiL May to July. 
Cf . L. Benson in Abrams, 111. FI. Pacif . St. 2 : 1940. 

Type collection: ^‘Frequent in old gardens, and tending to become 
naturalized in meadows and along roadsides, Oneida, Herkimer County, New 
York, May 30, 1900, J. Y. Haberer, no. 1530 in Gray Herb. 
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‘'This plant is generally called in liortieiilture R. repens, var. florepleno' 
but the latter name (if it can be accepted as a valid name) belongs to the/ 
double-flowered European form of B. repens with the bases of the leaflets; 
ciineate to subtriincate, as in true B. repens, and the teeth and segments, 
elongate and subacute to acuminate. The history of var. plenifloriis is obscure. 
It is found ill old gardens and as a somewhat naturalized weed in eastern 
America ; but such illustrations of the double-flowered B. repens of Europe- 
as the writer has seen, as far back as Gerard's Herball (ed. Johnson, 1633), 
where the plant is figured as Bammculns dulcis, muliiplex, and Besler’s. 
Hortiis Eystettensis (1613) where it is called Baminciilns Iwrtensis, nmlti- 
floriis, show the characteristically cuneate-based leaflets of B. re pens 

4. Ranunculus bulbosus L. Sp. PL 554. 1753. Dry fields and roadsides, 
at low elevations; Europe; naturalized in North America at Revelstoke, 
British Columbia, St. John’s, Newfoundland, Shelbourne, Nova Scotia, 
Bingen, Washington, Salem, Oregon, Fortuna, California, Oquauka (?) 
Illinois, Keneewaw County, Michigan, Lake Maxinkuckee, Indiana, Knox- 
ville, Tennessee, Red River, Louisiana, and Stumptown, West Virginia and 
from New York and New England to Bryan County, Georgia. May and June. 

Type collections: (1) B. hnttemis, in Europae praMs, paseuis/'^' 

(2) Var. petiolnlatiis, "No. 5568. In und um Norfolk haufig. ” "Ini Mai & 
Juni 1890, botanisierte ich uni Norfolk." Virginia, Krause. 

THE ranunculus OCCIDENTALIS COMPLEX 

The Baminciiliis occiclentalis group is perhaps only scarcely less diffi- 
cult to elassity than the races of dogs. There are no wholly reliable char- 
acters for segregation of the species B. occiclentalis, B. ccilifornicus, and B. 
caniis, and wherever geographic ranges meet all three species and their 10 
varieties seem to cross-poll inate freely, or at least the plants in the field show 
abundant evidence of character recombinations. HoAvever, the large fruit of 
R. canns is fairly reliable for distinguishing it from the other two species, and 
the number of petals serves to segregate all but a small percentage of the 
plants of B. calif or nicits and its three few-petaled varieties from B. occklen- 
talis and its sometimes 5-8- or rarely 9~12-petaled varieties Rattanii and 
Else nil. Table 1 summarizes the tendencies in these three species. 

5. Ranunculus occidentalis Nutt, in Torr. & Gray, FI. N. Amer. 1: 
22. 1838. B. occiclentalis var. robust us A. Gray, Proc. Am. Acad. 21 : 373. 1886. 
B. tenuipes Heller, Muhlenbergia 1: 50. 1904. B. occidentalis var. laevicanlis 
Suksdorf, West Am. Sci. 15: 58. 1906. 

Stems erect or suberect, 2-7 dm. long, 1.5-3 mm. in diameter, freely 
branching; radical leaf blades simple, rather thick, 1.5-3. 5 cm. long, 2-4.5 
cm. broad, 3-parted or rarely -divided, the lobes cuneate, again lobed, the 
ultimate lobes usually not triangulai*, the sides commonly curving, proximally 
cordate and distally rounded or acute; petals 5 or rarely 6-8, narrowly 

6 Two old-world varieties are distinguished from the tvpieal one by Feniald, Bhodora 
42:451-452.1940. 
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TABLE 1 



1\ . oecUlentaUfi 

B. calif ornioiis 

I //. (‘(It! us 

Petal Number 
(Fairly reliable) 

5-6 or in 3 A’ars. 
sometimes 5-8 or 

12. 

9-16 or 26 or in 3 
vars. 5 or 7-12. 

5-1 n or in 1 car. 
10-23. 

Petal Shape 
(Less reliable) 

1.5-2 or rarely 1.1 
or 2.5 times as 
long as broad. 

2-2.5 times as long 
as broad. 

1-2 times as long r 
l>roa.d; 1 var. 2-2.. 

Fruit Size 
(Fairly reliable) 

2.5 X 2 mm. or in 
vars. up to 3 x 2.5 
or eyen 3.5 x 3.3. 

2-2.8 X 1.8-2.3 
mm. or in 1 var. 
1-2 X 1-1.5. 

-I-.') '' 3—4.5 mm. or 
ra suialler. 

Aehene beak 
(Less reliable) 

1.2-1. 8 mm. long or 
in 2 vars. 0.5-1. 3; 

2 vars. 1.5-2. i 

Usually 0.4-().8 
mm. or in 1 var. 
1-1.5. 

0.3-0. 6 or 1 mm. 

Plant vSize 
( Genera 1 tendenc j ) 

Smaller, except 
vars. Eisenii, mon- 
tanensis, and 
Nelsonii. 

Larger, except var. 
e II neat us. \ 

' 

1 Largest, also herb- 
age inore commonly 
siihy -villous. 

Compound leayes 
(General tendency) 

1 

Rare, except var. 
Eisenii. 

Common, except 
vars. grains and 
c u n eat us. 

Common in var. 
laefuSy otherwise 
uiicoivimon. 


elliptic, 1.5-2 times as long* as broad (claw 1~3 mm. long), 8-12 or rarel}' 
18 mm. long', 3.5-5 or 8 mm. broad, the nectary scale glabrous, free for nearly 
the whole length, 0.7 inm. long, truncate; each aehene obovate-diseoid, 2.5 
mm. long, 2 mm. dorsoventrally, 0.3-0.4 mm. laterally, glabrous, the aehene 
beak slender, 1.2-1. 8 mm. long, falcate, usually barely recurved, prolonging 
the ventral margin of the aehene body. 

Mostly beneath trees or on vernali}^ moist prairies or hillsides; Pacific 
Slope from Alaska to the Umpciiia River Valley, Oregon ; inland along the 
Columbia River to west Klickitat County, 'Washington and The Dalles, 
Oregon ; Port Orford, Oregon. Northwestern coniferous forest. Late April 
and May. 

This species, B. canus, B. calif ornicus, and their varieties have an abiin- 
danee of connecting forms. A form with petals 15-18 mm. long by 7-8 mm. 
broad occurs at The Dalles and near Eugene, Oregon. 

Type collections: (1) B. occidental's, Plains of the Oregon (Colum- 
bia) River, near wmods, Nuttall! Dr. Scouler!; Sitcha, BongardB^ The 
Niittall specimen at Columbia University (New York Botanical Garden) 
has been designated as a lectotype (cf. Heller, Muhlenbergia 1: 51. 1904.) 
(2) Var, rol)ust'i(s, B. occidentalis A. Gray, Proc. Amer. Acad. 8: 374. 1872, 
not. Nutt in 1838. ‘‘A eolleetion of plants made in Oregon by ELIHU HALL 
during the summer of 1871.^’ (3) B. temiipes, Keller ‘‘No. 3935, collected 
June 13, 1898 at Montesano, Chehalis [Gray’s Harbor 'j county, 'Washington, 
altitude about 200 feet.” (4) Var. laevicaidis, “An verscliiedeneii Stellen mit 
her gewohnlichten Form vermengt, bei Bingen, Washington, 30 Marz 1886 
und spater (Nr. 1972),” 

Significant specimens of Bammculus occidentalis and its varieties: 
see L. Benson, Am. Jour. Bot. 23: 28-29. 1936. 
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5A. Eanunculus occidentalis Nutt. vai*. EatTx\nii A. Gray. Proe. Am. 
Aead. 21 : 373. 1886. B. Battanii Howell, FI. N. W. Am. 1 : 17. 1897. 

Openly wooded liills and prairies ; inner part of the seaward coast ranyes 
from Coos and western Josephine Counties, Oregon to Mendoeino and 
western Lake Counties,, California. Borderland between the Northwestern 
coniferous forest and the oak woodland. April to June. Cf. L. Benson in 
Abrams, 111. FI. Pac. Sts. 2: 1940. 

The hispid achene is to be found in any of the southern varieties of 
B. occide 7 italis, as Avell as in B, cMiforniciis and B. canus. It is not neces- 
sarily a feature of var. Battami or of any other variety. This variety is rather 
striking in the extreme form but throughout the seaward side of the dis- 
tributional range it intergrades with B. calif ornicus var. grains, and in the 
north it passes into B. occidentalis var. Howellii and in the south into the 
variety Bisenii. 

Type collection: '‘N. California on the Klamath, Kattaii.” The type 
specimen in the Gray Herbarium is labelled as follows : ‘ ' Common on the 
Klamath, Calif. V. Battan, June, 1879.” 

5B. Ranunculus occidentalis Nutt. var. Eisenii (Kell.) A. Gray. 
Proe. Am. Acad. 21 : 373. 1886. B. Eisenii Kell. Proc. Calif. Acad. 7 : 115. 
1876. 

Vernally moist ground in the California foothills and mountain valleys 
at 100-1, 30b meters or up to 2,200 meters elevation in Kern. County, beneath 
oaks (leaves simple) or in vernal meadows and rivulets (leaves eoinpound) ; 
■Weaverville ; eastern Mendoeino, Lake, and eastern Napa Counties ; Sierra 
Nevada foothills and Greenhorn and Tehachapi Mountains; West Butte, 
Sacramento Valley. Oak ^voodland. Late February to May or June. Cf. L. 
Benson in Abrams 111. FI. Pacif. St. 2: 1940. 

The form of B. occidentalis growing from southeastern Jackson County 
and southwestern Klamath County, Oregon, to Shasta County, California, is 
intermediate between the varieties Eisenii and ultraniontaniis. The variety 
Eisenii intergrades freel.v with B. calif ornicus at Healdsburg and at the 
south base of Mt. St. Helena, where 5-petalled and 9-16-petalled plants are 
found growing together. The compound-leaved forms from vernal meadows 
and the simple-leaved forms from oak woodland maintained their charac- 
ters when transplanted by the writer to identical environments in adobe 
soil at Menlo Park, California. A glabrous, disseeted-leaved form (L. Benson 
6316) was found growing in water at Stubbs Ranch Junction nortli of Lower 
Lake, Lake County. 

Type collection: cf. Proc. Calif. Acad. 7: 89. 1876, ^^Dr. Eisen, of 
Sweden, placed in our hands for determination his plants from near Fresno, 
Cal.” The type is unknown, and it may have been destroyed in the San Fran- 
cisco earthquake and fire of 1906. However, according to Curran, Bull. Calif. 
Acad. 1: 130. 1885, it disappeared much earlier. The following is her state- 
ment, ''Banunculus Eisenii Kellogg, Proe. Cal. Acad. vii. 115. Probably B. 
NELsoNii var. TENELLUS, Gray, but the specimen has disappeared from the 
herbarium, and the identification is not certain.” The following information 
has been received from Dr. Eric Hulten, Botaniska Museet, Lund, Sweden, 

' ' As far as I have been able to find there is no specimen of Banunculm Eisenii 
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ill Swedish herbaria. I haA’e never seen any Californian speviniens eolleeted 
by Eiseii in Swedish Museums.” We adopt the interpretation of Dr. Grray, 
Proe. Am. Acad, 21 : 373. 1886. His reference is to a plant identified b>' 
Torrey as B. camcs Benth.; cf. Ton*. Pac. R. R. Rep. 4: 62. 1857. The collec- 
tion was cited as follows: ^^Hill sides, Duffield^s Ranch, Sierra Nevada; May 
11.” Tlie specimen in the Gray Herbarium was cotkaded b>' P>i< 4 ’elow. 

5C, Ranunculus occidentalis Nutt. var. ultkamontanus Greene, Pit- 
tonia 3: 13. 1896. B. aleeus Greene, Erythea 3 : 69. 1895. B. }(lframo)ifanus 
Heller, Muhlenber«‘ia 6: 11. 1910. B, occidentalis var. alcenH Jepson, FI. 
Calif. 1 : 540. 1922. 

Meadows and along- mountain streams at 1,300-2, 000 meters ehwatiini 
in the North Coast Ranges of California from Elk Mountain, Lake County, 
northward, and at 1,800-2,300 meters largely on the eastern side of the Siei*ra 
NeA^ada from Mt. Shasta to Inyo County and to near Reno and Carson City, 
NeA’ada ; continuing nortlnvard in modified form and oi'Ciirring at a feAV 
stations east of the Cascade Mountains in Southern and Central Oregon. 
YelloAV ])ine forest. June and Julv. Cf. L. Benson in Abrams III. PI. Padf. 
St. 2: 1940. 

Type collections : (1) B. ('dee as, “Collected at an altitude of about 4,000 
feet on Elk Mountain, Mendocino [Lake] Co., Calif., July, 1892, by Mr. 
Jepson.” Elk Mountain is in Lake CountAL This error was corrected hv Jep- 
son, FI. Calif. 1: 540. 1922, “type loc. Elk Mt., Lake Co., Jepson.” The 
type has not been located in the Herbarium Grreeneaimm or in Dr. Jepsoiils 
working collection. (2) Var. ultramontanus, “Banks of streams and lakes, or 
in moist meadoAvs along the Truckee River, at the eastern base of the Sierra 
NeAuida, Calif.” The Herbarium Greeneanum lias only one specimen eolleeted 
by Dr. Greene prior to 1896, and it is chosen as a lectota^pe. It Avas obtained 
near Boca on the Truckee River, California, on July 24, 1895 (HGlr 2726). 

5d. Ranunculus occidentalis Nutt, far, dissectus Henderson, Rhodora 
32: 25. 1930. B. ciliosus Howell, PL N. W. Anier. 1: 17. 1897. B. mar- 
morarius Jepson & Tracy in Jepson, FI. Calif. 1 ; 542, 1922. 

MeadoAvs of mountains and high plains at 1,300-2,200 meters elevation; 
Eastern Oregon and the Rogue River-Umpqua River Divide ; Marble Moun- 
tain, Siskiyou County, California. YelloAV pine forest. June and July. Cf. L. 
Benson in Abrams, 111. PI. Pacif . St. 2 : 1940. 

Type collections : (1) B, ciliosus, “Moist banks, in Bear Valley, Bine 
Mountains, Oregon. Howell^ May 23, 1885.” (2) B. “Marble 

Mt., Avestern Siskiyou County [California], Chandler (type).” Chandler 
1891. (3) Var. dissectus, “Dry slopes of Crater Lake Park, Oregon, near 
Pole Creek Bridge, AAPere collected bA^ Li/le Wynd, Julv 12, 1928. His no. 
2221 .” 

5E. Ranunculus occidentalis Nutt. var. Howellii Greene, Pittoiiia 3: 
14, 1896. B. Howena Greene in HoAvell, FI. N. W. Am. 1: 17. 1897. 

Openly AAmoded hills at 300-1,300 meters; Rogue River Acatershed in 
Jackson and Josephine Counties, south Avestern Oregon. NorthAvestern conif- 
erous forest and oak woodland. Late March to Mar or June. Cf. L. Benson 
in Abrams, 111. PL Pacif. St. 2 : 1940. 
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Type collection: '‘Drv liiU sides near Ashland, Ore^ron, 1899; eolleeted by 
Mr. Howell. 1331. 

5P. Kanunculus OCCIDENT alis Niitt. var. montanensis (Rydb.) L. Ben- 
sou, eoinb. iiov. B. montanensis Rydb. Mem. N. Y. Bot. Gard. 1 : 166. 1900. 

Stems erect or deeumbeiit at the bases, 3-6 dm. long’ and 3-7 nim. in 
diameter; radical leaves simple, semicircular in outline, 2-5 cm. long, 
3-10 cm. broad, 3-divided or nearly so, the divisions again 3-5-lobed a]id 
proximally narrowly eiineate and distally acute, pilose with spreading or 
somewhat* appressed hairs, the ultimate lobes acute, but not triangular, the 
sides eiirving; petals 5, rarely 10, 8-11 mm. long, 6-7 mm. broad, 1. 2-1.5 
times as long as broad ; aehenes 15-45 (the other varieties 8-20) , aehene body 
obovate, 2.5 mm. long, 2 mm. broad, glabrous, the beak about 1 mm. long, 
recurved, falcate, often bent rather sharply at the middle ; receptacle globose, 
2.5 mm. long in fruit (about 1.5 in the other varieties. ) 

Wet meadows, 1,500-2,500 meters elevation; Boise, Custer, and Blaine 
Counties and Beaver Canyon, Idaho; Avestern Montana; Avestern edge of 
AVvoming; Albuciuerque, New Mexico (?). YelloAv pine forest. June and 
July. 

Closely related to B. acriformis A. GraA’' and to B. Occident alis var. 
Nelsonii. 

Type collection: '‘Montana: Helena, 1891, F. B. Kelsey (type).’' 

5G. Ranunculus occidentalis Nutt. Amr. Nelsonii (DC.) L. Benson, 
comb. nov. B. recurvatus Poir. yslt. Nelsonii DC. Syst. 1: 2k). 1818. B. 
Nelsonii A. Gray, Proc. Amer. Acad. 8: 374. 1872. B. repens L. var. major 
Nakai, Bot. Mag. (Tokvo) 42 : 23. 1928. B. Nelsonii siibsp. insular is Hult. 
Svensk. Bot. Tidskr. 30: 526. 1936. 

Stems erect, 4-7 dm. long, usually 2-6 mm. in diameter, brancliing above, 
the loAvest interiiode usually 1.5-3 dm. long, strongly fistulous, hirsute ; radi- 
cal leaf blades simple, 2.5-4.5 cm. long, 2.5-7 cm. broad, deeply 3-parted and 
each primary part again 3-9-lobed or -toothed, proximally cordate and dis- 
tally rounded or obtuse in outline ; sepals 5 or in 1 specimen some fioAvers 
Avith 6 ; petals 5-6, 7-9 mm. long, the nectary scale glabrous, free laterally, 
the non-giandular portion 3-5 times as broad as long, truiieate ; each aehene 
asymmetrically obovate, 3 mm. long, 2.5 mm. dorsiA^entrally, 0.5 mm. laterally, 
glabrous, the aehene beak about 0.6 min. broad at the base, 1.2-2 mm. long, 
recurved, commonly markedly falcate. 

Moist ground at Ioaa^ elevations along the cost of Alaska and in the 
Aleutian Islands. North AA^estern coniferous forest. June and July. 

Type collections: (1) Yar. Nelsofiip “In insula Unalascka una ex Aleu- 
tienis. D. Nelson." (2) Yar. major. According to Hulten this Amriety is B. 
Nelsonii. According to information supplied by Dr. H. Nl. Rickett of the 
NeAv York Botanical Garden, “Nakai's collections are from Corea. Other 
collections Avhieh he cites are from Saehalin, Kuriles, Yeso." (3) Subsp. 
insularis. The folloAving is quoted from Hulten by Dr. Rickett; Aleutian 
Islands: Amehitka, July 9, 1932. Hn No. 6463 (type). (“Distributed to seA^- 
eral European and American Museums.") 

5H. Ranunculus occidentalis Nutt. A^ar. breaustylis Greene, Pittonia 
3:14.1896. 
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Praetieally glabrous ; primary divisions of the radic'al leaf blades only 
B-4-lobed or -toothed; sepals 5, reflexed; petals 5 nsnally narrowly obovate, 
emargiiiate or rouiided, T-lOinm. long, 5~6inm. broad, the iitadary seales only 
1.5~2.5 times as broad as long, apieally rounded; bas(‘ of the aohene beak 
0.4-0. 5 mm. broad; similar otherwise to var. Nelsonii. 

Moist ground ; Yes Bay and Loring, southern tip of Alaska. Northwestern 
coniferous forest. Summer. 

Significant specimens: Alaska: Yes Bay, Howell 1602, H(Jr\ NY, S; 
Loriiig, Chamberlain 26 in 1903, NY. 

51. Eanunculus occidentalis Nutt. var. Turneri (Greene) L. Beusou, 
comb. nov. B. Turneri Greene, Pittonia 2: 296. 1892. 

Hirsute ; primary divisions of the radical leaf blades 3-lobed, ‘Glie lateral 
lobes bifid, all ineisely cleft;’' sepals 5, spreading; petals 5, broadly obovate, 
truncate, 12-14 mm. long, the nectary scale unknown; aeliene beak long and 
slender, recurved . 

Moist ground ; Porcupine Eiver, Nortljeastern Alaska. Nortliern conif- 
erous forest. Summer. 

Type collection: ‘AYe are glad to be able to dedieate so fine a new plant 
to the gentleman who has given the very best of recent coiitributions to our 
knowledge of Alaskan vegetation, Mr. J. H. Turneia \\^]io brings it from 
Porcupine Eiver.” type, Turner in 1891, llOr 2811, 

5J. Eanunculus occidentalis Nutt. var. hexasepalus L. Benson, var. 
nov. Hirsute; primary divisions of the radical leaf blades 5-“13-lobed or 
-toothed; sepals usually 6 (a number unique in Ranunculus) reflexed; 
petals 8-12, obovate or narroAv, distinctly emarginate, 11-13 nmi. long, 3-4 
or 7-8 min. broad, tlie nectary scale once or twice as broad as long, truncate 
or obtusely pointed ; fruit unknown. 

Hirsuta; partibus primariis folii 5-13 lobatis; sepalis pleiaimqiie 6, 
refiexis; petalis 8-12, obovatis, emarginatis, 11-13 mm. longis, 3-4 vel 7-8 
mm. latis ; squamulis neetarii latis. 

Moist ground; Queen Charlotte Islands, British Columbia. Northwest- 
ern coniferous forest. Summer. 

Type collection: Queen Charlotte Islands, Rev. J. H. Keen 10 in 1898. 
TYPE in the New York Botanical Garden. 

SignificMut specimens: British Columbia : Queen Charlotte Islands, Boas 
86 in 1901, NY; ►Skidegate (?) Inlet, Queen Charlotte Islands, Xnvcombe in 
1897 (Geol, Surv. Can. 18054), HGr 2993. 

6. Eanunculus californicus Benth. PL Hartw. 295. 1848. R. I)epp( i 
Nutt, in Torr. & Grav, PL N. Amer. 1 : 21. 1838, as syn. R. dissectus Hook. 
& Aril. Bot. Beech. Voy. 316. 1840. Not Bieb. in 1819. R. cfl/f/ornicas var. 
latilohus A. Grav, Proc. Am. Acad. 21 : 375. 1886. R. latilolrus Parish, PL 
World 20: 214. 1917. 

Vernally moist land of north slopes, meadows, fields, and rolling hills ; 
seaward coastal ranges from Humboldt County, California to Ensenada, 
Baja California; inland from San Francisco Bay to the Sierra Nevada at 
Volcano, Amador County and the foothills east of Madera. Oak woodland. 
Late January to May. 
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A form witii tlie floral parts resembling vegetative leaves occurs in adobe 
soil in the San Francisco Bay Kegion. North Coast Range varieties of R. 
occidenidis and R. eaniis occasionally exhibit the same tendency. A flve- 
petalied form occurs in San Diego County. (Laguna Mts., Munz 9705, San- 
ford in 1927; Jiiliau, M. E. Jones in 1906, J. D. Randall in 1914; Santa 
Ysabel, Henshaw 200.) This form might be included in R. occidentalis var. 
Eisenii because of the presence of only 5 petals. However, the other charac- 
teristics seem to agree with those of the form of R. cdifornicus growing in 
the San Jacinto Mountains and in the mountains of San Diego County. This 
form has unusually small fruit. In vegetative characters it agrees more 
fully with R. canns var. Ludovicianus than with R. calif ornieus. 

Type collections: (1) R. Deppei^ '^R. acris (Linn.) . . . j3. hairy; petals 
oblong, 10-14. — R. Deppei Nutt.! mss. . . . California, Nutt all! June.'’ 
(2) R. dissectus, California-Supplement. Where not otherwise mentioned, 
it is to be understood that the following species are from the collection of 
Mr. Douglas. They were presented by the Horticultural Society of London, 
in whose service Mr. Douglas was at the time he gathered them." (3) R. cali- 

. . . jK. Hook, et Arn. Bot. Beech, 

p. 316, non. Bieb. — In sylvis prope Monterey," collected in 1846-7. An iso- 
type from Hartweg's collection (Gray Herbarium) is the same peculiar dis- 
seeted-leaved form as the plant upon which R. dissect us was based (isotype 
also in the Gray Herbarium). No other collections of the species quite inatcli 
these two isotypes! (4) Yar. latilohus, ‘^A common coarse-leaved and more 
robust form, R. Ludoincianus Greene, Bull. Calif. Acad. ii. 58." Greene, FI. 
Fran. 300. 1892, wrote as follows: ‘War. (4) latilobiiSy A. Gray, Proc. Am. 
Acad. xxi. 375 (1886), in part, excl. R. Ludovicianus. . . . Var. 4 is n. 374 
of the State Survey from Santa Barbara." Gray's brief description throws 
no light on the subject, and he gave no indication that Brewer 374^ Geo- 
logical Survey of California, from Santa Barbara wms the type of his variety. 
However, it is not likely that he had seen the type of R. LudovicAanus^ since 
none of tlie original material of it is at the Gray Herbarium or apparently 
elsewliere. Furthermore, in the Synoptical Flora of North America ( 1 : 35. 
1895) the variety latilohus is said by Robinson to be “a common form, espe- 
cially soutliward, from San Francisco Bay to San Diego and San Ber- 
nardino," while R. Ludovicianus (now transferred to R. canus as a variety) 
is confined to fairly high elevations of the Teliachapi and San Bernardino 
Mountains in the interior. The description in the Synoptical Flora is too gen- 
eral to be of value in determining the identity of the variety. However, 
the material at the Gray Herbarium labelled for the Synoptical Flora as var. 
latilobus is definitely typical R. calif ornieus. Since the Synoptical Flora 
label is on Bretver 374, the writer accepts it as representative of the plants 
to which the name latilohus was given, because Robinson was in a better 
position than anyone else to know what Gray intended. It is to be noted that 
Parish (be. 1917) took up the name latilohus as a specific epithet intended 
for var. Luclovicm^ Otherwise, interpretations have been generally the 
:same as Greene's and Robinson’s. 

6A. Ranunculus californicus Beiith. var. gratus Jepson, FI. W. Mid. 
Calif. 201. 1901. 

Wet banks and bottom land of deep canyons or moist north slopes ; Curry 
County, Oregon to Napa County and the Monterey Peninsula in Calif ornia„ 
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North western coiiit'erous forest (inner edge of tlie ]'e(h^4)o^l hplt). Late 
February to May. Cf. L. Benson in Abrams, 111. FI. ihonr. St. 2: 1940. 

This variety apiiears to pass into BanuHcidui^ occidc iifaiis viw. Eisenii in 
Mendocino, Sonoma, and Napa Counties and into H(inunvub(s ridlfoDiicus- 
from Sonoma County soutlnvard. It is best-developed in Sonoma ami Santa 
Clara Counties, and the extreme form is strikingi\^ dilferentiated ii'oin 
calif 07‘nicus. Segregation of the variet}^ in Mendoinno C(aint\'' 
and northivard is difficult. 

Type collection: ‘‘Commonly in wooded country: hills of Napa Valley; 
V aca Mountains. ' ’ 

6B. Kanunculijs californicxjs Benth. var. cuneatus Greene, Fh Fran. 
299. 1892. R. calif ornicus var. crassifoUm Greene, Erythea 1: 125. 1893. 

Barren sea bluhs ; Saiivies Island, Columbia Eivei*, Oregon to I^Iontere}' 
County, California; Santa Maria, San Miguel, and Santa Cruz Islands. 
Northwestern coniferous forest region. May and June. Cf. L. Benson in 
Abrams, 111. FI. Pacif. St. 2: 1940. 

Oregon specimens tend toward 5 petals and compound. leaA'es. They are 
as closely related to /?. Occident alh as to E. caUfornicus. 

Type collections: (1) Var. cuneatus, “Var. 3 is confined to the Avet 
meadows that lie back of the ocean in San Mateo Co., doubtlessly also reach- 
ing San Francisco Co. In cultivation at Berkeley it behaves \'ery unlike the 
other forms, is almost annual, i.e. many individuals come to flowering tlie first 
year from seed, and die before the end of the year. Other individuals are of 
perennial duration.'’ No type was found by the writer at the Herbarium 
(Treeneaniim, Notre Dame University. Specimens cultivated at Berkelex' by 
Dr. Greene in 1893 and 1894 are at the Herbarium of tlie lJni\’ersity of Cali- 
fornia. These Avere pressed one and Iavo years after publication of the variety. 
However, they represent perhaps the stock from Avliich the variety cuneatus 
Avas described, and they are the nearest approach to a type. (2) Var. erassi- 
foliiis, “Collected at Fort Bragg, Mendocino Co., Calif., by Mr. Michener. ” 
The type of this variety also failed to be located at the Herbarium Greene- 
anum, and the Avriter has seen no isotype. 

6C. Ranuculus calipornictjs Benth. var. rttottlosus (Greene) L. Ben- 
son, Am. Jour. Bot. 23: 30. 1936, B. rugidosus Greene, Pittonia 2 : 58. 1890. 

Wet sand of rNers and ditches up to 1,000 meters elevation ; California; 
tiile land along the Sacramento River in Sutter County; San Joaquin Valley 
from Avestern Merced County to Kings and Tulare Counties; lower Sierra 
NeAmda foothills from Tuolumne Countv to Mariposa County. March to May. 
Cf. L. Benson in Abrams, 111. FI. Pacifl St. 2: 1940. 

Type collection : “The type of this species is a very slender but tail plant 
from the Chowchilla Mountains in the eastern part of south-central Cali- 
fornia, Avhere it Avas collected in 1875 by Mr. F. P. McLean.” The “CIigaa^- 
chilla Mountains” are a ridge in the Sierra Nevada Avest of Wawona, Yosem- 
ite National Park. The type is HGr 2799. 

7. Ranunculus canus Benth. PI. Hartw. 294. 1848. B. occidentalis Nutt. 
var. canus A. Gray, Proc. Am. Acad. 8: 374. 1872. B. calif ornicus Benth. 
YB.i\ canus BreAV. & Wats. Bot. Calif. 1: 8. 1876. B. canus var. BlanTinsliipii 
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Rob. in A. Gray, Syn. FL N. Am. 1 : 35. 1895. B. Bla/nhinship^m Heller, 
Mtilileiibergia 1: 40. 1904. R, longUolus Heller, Mulilenbergia 2: 36. 1905. 

Heavy soils of lulls and valleys at 20-300 meters elevation ; California ; 
inner Coast Ranges from Teliema County to the Alt. Diablo Range ; Sacra- 
mento Valley ; lower Sierra Nevada footliills (below the oak belt) from Butte 
County to Tnolnmne County; San Joaquin Valley" in San Joaquin County 
and at Alereed and Lindsev. Late February to early April. Cf . L. Benson in 
Abrams, III FL Pacif. St. 2; 1940. 

The name Eamunculus conus is taken for the plants of the B, occiclentalis 
complex having fruit 4-5 mm. long. In the Coast Range and the Sierra 
Nevada foothills it is not unusual to find on the same plant the large fruit of 
E. canus and the (usually) relatively small, simple leaves of E. occidentalis 
var. Eisenii, wliich grows in both ranges at higher elevations or at stations 
more remote from the Sacramento Valley than does E. canus. This form has 
been named E. canus var. BlankinsMpn. 

Type collections: (1) E. canus, 'Mn pascuis iiumidis vallis Sacramento 
ubi terrain late obtegit.’^ Hartweg 1626 {239) in 1847. Jepson, Erythea 5: 
54. 1897, quotes the following from Hartweg: ‘‘On April 13, I left [the junc- 
tion of the Yuba and Feather Rivers] with Mr. L. for his farm seventy miles 
higher up the valley. . . . Crossing Feather River, which here is eighty 
yards broad, and of considerable depth, our course lay five and twenty 
miles along that river, through a beautiful wood of evergreen aiid deciduous 
oaks. . . . Leaving Feather River ^ve struck across a prairie for twenty 
miles ; here immense fields of EscJischoltzia crocea, E. calif or nica and Ranun' 
cuius No. 239, presented themselves, each species growing by itself.’’ The 
junction of the Yuba and Feather Rivers is at the present town of Marys- 
ville ; Oroville is 26 miles up the Feather River ; Chico is 21 miles northwest 
of Oroville. The country between Oroville and Chico is treeless grassland. 
The type station for E. canus, therefore, must be between Oroville and 
Chico. A few collectors have obtained the species on the plains and foothills 
between the towns in recent years. (2) Var. BlankinsliipH, “Capa.v, Yolo 
County, Calif., J. W. Blankinship. 15 April, 1893.” (3) E. longilohus, “The 
TYPE is [Heller] no. 7912, collected May 31, 1905 on hills about one mile back 
from Middle Creek Station near Keswick, Shasta county, California, growing 
in damp ground near a little stream. ’ ’ This plant is intermediate in vegetative 
characters between E. occidentalis vars. Eisenii and ultrammitanus, and both 
the type colleetion and a specially-collected topotype {Heller 13930) show 
fruit partly of the E. canus type and partly of the E. occidentalis var. Eisenii 
type. While E. loyigilohus is placed in synonymy under E. canus, the type is 
bjr no means identical with that species. The Middle Creek Station plants 
seem to represent a local population derived by recombination of char- 
acters of E. camts and E. occiclentalis vars. Eisenii and ultramondanus. It is 
doubtful if the population is sufficiently homogeneous and consistently 
differentiated to be considered as a separate variety. However, this point 
might be determined by intensive field work at and near the type locality. 
Herbarium specimens are inadequate for such a study. 

7A. Ranunculus canus Benth. var. laetus (Greene) L. Benson in 
Abrams, 111. FL Pacif, St. 2: 1940. E. calif ornicus Benth. var. laetus 
Greene, PL Fran. 299. 1892. E. calif ornicus var. canescens Greene, PL 
Fran. 299. 1892. B. hesperoxys Greene, Erythea 2: 189. 1894. E. canus 
var. hesperoxys Davis, Minn. Bot. Stud. 2 : 475. 1900. 
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Heavy adobe soil on nortli slopes of footliills; CaliboTiia; Harysville 
Buttes; Woodland ; Yaea Mountains; Mt. Diablo Kaiiye ; Sail Joaiiuin 'Valley 
near iStoekton. Mareh and early April. Cf. L. Benson in Aliranis, 111. PL 
Paeif. St. 2: 1940. 

Iiiterinediates between the variety and E, can us oeeur in tlie Saerainento 
Valley. West and south of the Mt. Diablo Ean^'e, tlie leaf foriii of var. 
Jacfus is found combined Avith tlie (diaracteristics (sinall fruit and 9-16 
naerowei* ]>etals) of P. californicns. 

Type collections: (1) Var. lactus, '^^Var. 1 is of the iiifei'ioi*, about 
Suisun . . . oecupying- low ineadoAv lands adjacent to braclvisli mai-shes. ’’ 
Greene’s specimen collected at Suisun on May 4, 1890 is designated as a 
lectotype (PIGr 2542). (2) Var. canescens, ^ A^ar. 2 belongs to middle eleva- 
tions of the Mt. Diablo Eange and the valleys aniong tlieni, from Xiles to 
tlie hills east of Livermore, thence soiitliward to San Luis Obispo Gount\'. 
It Avas in part my E. LudovicianmV The folloAving* specimens are at the 
Herbarium Greeneanuni: near Livermore, Greene^ March 9, 1889 (HGr 
2528-9) ; Paso Pobles, 0. C. Parry in 1888 (HGr 2527). Since there is no 
material from Niles, the first-mentioned locality, the LiAxu-more specimen is 
designated as a lectotype. The Parry specimen is densely hairy like var. 
laetus, but the fruit and floAver characters place it in E, californlcus. (3) B. 
hesperoxys, ^^This is the plant, which in the Flora Franciscana and in the 
ManuaL I called E. canns, for the reason that it seemed to come nearer the 
description of that species than any other plant known to occur in the region 
AvheiK'e Mr. Bentham had his type. But having noAv seen tliat type, I am 
X)repared to assert that E. caniis had not yet been rediscovered. Nothing at 
all i*esembling HartAveg’s plant is knoAvn to Californian botanists of the 
present time.’’ In Flora Franciscana (301. 1892) E, canus is said to occur 
on '‘Plains and hills of the interior, especially about Antioeh, and north- 
Avard to Chico, Mrs. BidwellT’ The folloAving specimen is designated as a 
LECTOTYPE: Autioch, Greene, April 6, 1887 (HGr 2615). 

Ecprcscntative specimens: California: Marysville Buttes, L. Benson 
6352, B ; Woodland, Blankinsliip in 1893, GH ; Gordon Valley, Napa County, 
Greene in 1886, HGr; Suisun, Greene in 1885, IIGr, UC., in 1895, HGr, IJC. ; 
Antioch, Greene in 1887, HGr, IJC, in 1895, HGr, IJC. Davy 915, HGrj Mt. 
Diablo, Greene in 1886, HGr; LiA^ermore, Greene in 1889, HGr; Knight’s 
Perry, Bancroft in 1895, J, HGr; San Joaquin County, Stanford, S. 

7B. Eanunculus canus Bentli. var. ludovicianus (Greene) L. Benson 
in Abrams, 111. FI. Paeif. St. 2: 1940. E. Utdovicianu^ Greene, Bull. Calif. 
Acad. 2: 58. 1886. E. californicns var. ludovicianus Davis, Minn. Bot. 
Studies 2 : 476. 1900. 

Moist ground of vernal meadoAVS or rivulets or niountain streams at 
1,000-2,300 meters elevation; Temblor, Greenhorn, Teiiaeliapi, San Gabriel,, 
and Sail Bernardino Mountains of South-Central and Soiitliern California. 
YelloAv pine forest and oak AAmodland. Late March to May. Cf. L. Benson in 
Abrams 111. PL Paeif. St. 2: 1940. 



172 


BULLETIN OP THE TOKKEY CLUB 


[\'OL. G8 


Type^ collections: (1) B, ludovicianus, valleys aiiioiig the iiiouii- 

tains of Sail Luis Obispo County, California, and eastward to Teliaeliapi 
Pass. Colleeted Mrs. Curran, in 1884.’' Neither the Brandeg-ee Collection 
at the ITni\'ersity of California nor the Herbarium Greeneaiiuin contains a 
specimen (collected by Mrs. Curran (Brandeg*ee) in San Luis Obispo County, 
and no specimen of this variety has been collected in San Luis Obispo County 
at any other time. The epithet ludovicianus has been consistently applied to 
the common inany-petalled plant growing* in the Tehachapi Mountains, and 
the writer believes that, in absence of a type, established custom should be 
law. The 1884 collection from Tehachapi by Mrs. Curran (Brandegee) is 
designated as a lectotype, and, in the event that it is not rediscovered, the 
1895 collection by Mrs. Brandegee (Herbarium of the University of Cali- 
fornia) should be considered a substitute for it. The 1884 specimen is to be 
found in neither the IJniversity of California Herbarium nor the Herbarium 
Greeneanum. calif ornicus var. latilohm is an epithet attributed 

by some botanists to this plant (cf. discussion under B. calif ornicus) . 

Department of Botany, University op Arizona, 

Tucson, Arizona 


VARIABILITY IN WOOD STRUCTURE IN ROOTS OF 
NATIVE ONTARIO CONIFERS 

M. W. Bannan 


(with eighteen figures) 

INTRODUCTION 

Tlie present paper is one of a series on the wood striictiire of ('Oiiifers. 
Its scope is liniitecl to consideration of .variabilitr in tlie secoiidary xyleiii 
of roots of such native species as Thuja occidenfalisy Tsuga cauadcusis, 
Ahies balsamea, Larix laricmay Picea glauca, P. maria na, Pinus BaHhsiana, 
and P. Strobus. Material was collected from trees in ditferent types oL* iiabi- 
tat and from different parts of the root systems, so that some coiiception 
migiit be obtained of the range of variation within the individuai, the dif- 
ferences between trees in varied habitats, and the re!a1 ionsi!i})s, if any, 
between wood structure and environment. The bearing of tlie variability 
ill structure upon the identification of coniferous woods, both living and 
fossil, is discussed. 

The root systems of the native conifers differ. Larix laricina and Picea 
niariana under most conditions, and Thuja Occident alis and Picea glauca 
when grooving in swamps, have shallow root systems made up largely of 
widely spreading horizontal roots confined to the top few inches of soil. In 
dry soils, especially sand, Thuja, Picea glauca, and Piuus spp. generally 
have sinker roots in addition to the laterals. These deep roots include the 
tap root, when present, and other roots which extend downward from the 
principal horizontal roots. In the following descriptions these deep roots ai*e 
designated as vertical roots, and the horizontal roots located close to tlie 
surface as lateral roots. 

GROWTH RINGS AND SIZE OP TRACHEIDS 

The wddth of the growdh rings was found to be highly variable. Of adja- 
cent rings one sometimes was wide while those preceding or succeeding were 
narrow. Some rings were more or less uniform in width around the circuin- 
fereiice, others were decidedly eccentric. The greatest eccentrieity was ob- 
served in certain lateral roots near the stem, and in vertical roots wedged 
between stones. On the other hand, many lateral roots, and most vertical 
roots growing in sand, were more or less round. 

Generally the growdh. rings 'were wider in roots growing in wet soils than 
in diw sand. In material of Thuja, Tsuga, Larix, and Picea mariana the 
average differences in ring width between roots from ^vet and dry sites 
ranged from 25 to 50 per cent. 
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The proportion of early and late wood in the gTowtli rings, the size of 
the tracheids, and the thickness of their walls, varied greatly in different 
parts of the root systeni and in different speeiinens. The study of large num- 
bers of roots revealed some correlation between character of the wood and 
location in the root system, and sometimes with the depth in the soil, but it 
should be emphasized that the wood structure was exceedingly variable, 
even in different parts of the same root. 

Usually, the largest tracheids and the least development of late wood 
were observed in the inner wood, to a distance of 1 cm. or more from the 
primary xylem, in the distal parts of lateral roots of mature trees. This type 
of wood was best developed in these lateral roots located in the upper few 
inches of soil, but at no point exposed, and several feet distant from the 
bole (fig. 3). 

A more stem-like wood in which the tracheids were smaller in diameter, 
the walls thicker, and late wood more extensive (figs. 1, 2), was found in 
the following kinds of roots or in roots growing under the following condi- 
tions: (1) the wood in the proximal portions of the roots of small trees two 
or three feet high; (2) the wood on the upper side of large buttress roots 
belonging to mature trees; (3) the outer wood, around the whole circum- 
ference, of some of the larger lateral roots, both close to and as far as ten 
feet or more from the stem; (4) the wood formed on the upper side of lat- 
eral roots after they have been uncovered by soil erosion, irrespective of size 
of the root or distance from the stem; (5) some of the more or less super- 
ficial lateral roots of adult trees growing in meadows or swamps which 
tended to become dry during the summer; (6) certain of the vertical roots 
extending down into the ground. 

The above descriptions hold generally for the conifers listed in the intro- 
diiction, but there was evidence that the range of variation in various parts 
of the root system and in roots growing under varied environmental condi- 
tions was greater in some species than in others. For instance, the average 
differences in size between the tracheids of lateral and vertical roots were 
much greater in Ficea spp. than in Thuja occidentalis (table 1). 

The nature of the factors involved in the development of the stem-like 
type of wood in some roots was not clear, although certain circumstances 
were noted which evidently played some part. For instance exposure of 
certain roots resulted in a change in wood structure. An example in which 

Explanations of figures 1-5, 

Fig. 1. Ficea Stem-like wood in vertical root, 3 feet deep in uniform sand. 

X 40. Fig. 2. Ficea mariaria. Stem -like wood in vertical root wedged between stones, x 40 
Fig. 2>: Ficea glauca. Open type of wood in lateral root 24 feet from tlie stem, approxi- 
mately 2 inclies deep in sand, x 40. Fig. 4. Ficea mariana. Abnormal tissue in lateral 
root. X 150. Fig. 5. Ficea mariana. Alternate and opposite arrangements of pits in tlie 
radial walls of tracheids in lateral root, x 330. 
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TABLE 1 


Average radial and tangential dimensions of early-wood traelieids in root wood’ 
at distances of 1 to 3 inm, from the primary xylem 


Species 

Lateral roots 

Vertie;il roots 

Thu ja occidenfaliu (67 roots) 

42 X 27 p 

40 X 25 p 

Ticea maria na (oG roots) 

48 X 29 p 

36 X 23 u 

Ficea glauca (42 roots) 

46 X 28 p 

34 X 22 p 


sueh a relatioiiship was indicated has been described and illustrated in a. 
previous article (Baniian 1937) for Thuja occidentalis. Similar correlation, 
was observed in exposed lateral roots of other g'enera. 

On the other hand, some circumstance other than exposure was evidently' 
operating to produce the stem-like wood found in some roots well below the- 
surface of the ground. Certain vertical and oblique lateral roots of Picea,. 
located at depths of 1-2 feet in gravelly and stony soils, exhibited a transi- 
tion from a more or less open type of wood near the center to a fiiie-textured 
stem-like wood in the outer rings. Vertical roots of such western species as^ 
Pinua ponderosa, Tsuga heteropliylla, and Lihocedrus decurrcns excavated 
from gravel were also found to resemble in this respect the roots of Picea 
described above. In most roots the change in wmod type took place while- 
they were still quite small, not more than 1 or 2 cm. in diameter. 

In other vertical roots of Picea (P. glauca) the wood wms stem-like from, 
the center. Sueh a uniform stem-like wood was observed in roots growing 
at depths of 2-4 feet in medium or coarse sand without gravel or stones. On 
the other hand, vertical roots of Tsuga canadensis at similar depths in fine 
sand were less stem-like. In these roots the wood varied considerably from 
one specimen to another, and even in ditfereiit parts of one growth ring at 
the same level in the root. Considerable variation was also found in vertical 
roots of Thuja occidentalis at like depths in fine sand. Some of the roots 
exhibited a transition from an open wood near the center to a rather stem- 
like wood in the outer rings, but in others the wood was more or less uni- 
formly intermediate in character. The factors responsible for tliese differ- 
ences were not determined. 

The age of the tree appeared to have some influence upon the wood struc- 
ture. The wood in the proximal parts of the roots of small trees up to 2 or 
3 feet in height was usually stem-like. The youth of the trees suggests that 
here some ontogenetic factor was involved. 

Another circumstance having some effect on the wood structure, particu- 
larly in the lateral roots of mature trees, was distance from the stem. In 
most of the forms studied late wood was less extensively developed and the 
traelieids became larger in diameter at increasing distances from the bole. 
The extent of this tracheid enlargement is illustrated in figure 13 for Larix 
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^BJid Plce(L 111 Thuja, on the other hand, there was little dilferenee. No 
measurements -were made of the traeheids in roots of THuga canadensis, 
.Finns Banksiana, or P. Strobns, but the trend appeared to be similar to that 
illustrated for Larix and Picea. 

No consistent relationship was discovered between the size of tlie 
traeheids in lateral roots and the amount of soil nioistiire. Measiiremeiits 
were made of some 70 roots of Larix laricina, eolleidial from foiir sites, two 
wet and two dry. The radial and tangential dimensions of the early-wood 
traeheids in the inner wood, at distances from 6 to 19 feet from the stem, 
were as follows : 64 x 34 jj in roots growing in a swamp in southern Ontario ; 
60 X 32 in roots on elevated ground nearby, the soil a mixture of silt and 
sand ; 71 x 37 p in roots growing in water-soaked muck at the bottom of a 
creek flowing through a larch, black-spruce swamp in northern Ontario; 
63 X 36 p in roots on a neighboring sand plain where no water was encoim- 
tered in excavations as much as 4.5 feet deep, the soil a mediiiin or coarse 
sand. 

In both eoinparisons between wet and dry sites the traeheids were 
slightly larger in the roots growing in swamps. However, a trend in the 
opposite direction was observed in the roots of Picea markina. Here the 
tracheid dimensions in lateral roots obtained from three sites were : 43 x 27 p 
in swampy silt-sand soil in southern Ontario ; 46 x 29 p in dr.A’ raediiiin or 
coarse sandy soil, northern Ontario ; 54 x 29 p in dry gravell}' soil, iiorthei'ii 
Ontario. 

In Thuja occidentalis very little difference was discovered between roots 
in wet and dry soils. Hoots were collected from a number of sites in southern 
Ontario, and the average measurements were 42x29 p in dry soils (sandy 
hilltops) , and 42 x 26 p in cedar swamps. All the values represent the out- 
side dimensions of the traeheids, that is the distances between the middle 
lamellae. The measurements were based upon the early-wood traeheids in 
the inner wood, 1-3 mm. from the primary xylem, in lateral roots at points 
6-19 feet distant from the stem. 

The observations recorded fail to indicate the existence of any consistent 
relationship between tracheid size and soil moisture. Diverse tendencies 
appeared in the species studied, and much dissimilarity was found between 
trees of the same species growing under like soil conditions, and sometimes 
between roots of the same tree. 

A search of the literature revealed that some work has been done on 
the texture of wood in stems, but apparently none on roots. Harlow (1927), 
reporting on tracheid diameters in stem wood of Thuja occidentalis, found 
greater variation between trees on the same site than between the averages 
of two extreme sites, though the trees on limestone soil had slightly smaller 
traeheids than trees on a peat bog. Myer (1930) found the intra-regional 
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variation to be miicli gi'eater than the inter-regional variation. The average 
tangential diameter of traeheids in the stem of Tsiiga canadensis growing 
on a spiTiee fiat was 4.4 per eeiit greater than in trees on a slope, but on the 
latter a 17 per cent variation was observed. According to Kienholz (1931) 
traeheids in the wood of Pinus contorta were larger in trees in sphagnimi 
bogs than on other sites. 

TRACHEID PITTING 

The bordered pits in the radial walls of traeheids in the secondary xylem 
of the native conifers are usually opposite, but as Thomson (1913) has 
shown in Larix, and Bailey (1933) has indicated for most of the other gen- 
era, an alternate arrangement is not uncommon. The latter is frequently 
to be seen in the first 20-30 growth rings in the distal parts of lateral roots 
of Ahies^, Tsiiga, Larix^ Picea, and less often in Thuja and Pinus. The more 
common opposite arrangement with conspicuous crassulae (rims of Sanio) 
is illustrated in figure 7, and without crassulae in figure 8. An alternating 
arrangement is shown in figures 8 and 9. Very wide traeheids often have 
three roAVS of pits, which may be grouped, opposite, or alternate, and cras- 
sulae may be present or absent (fig. 6). A similarly Avide range of variation 
in arrangement of pitting and development of crassulae Avas observed in 
jihies, Larix^ and Picea (figs. 10-12). 

The alternating arrangement of pits occurred most frequentlA' tOAvard 
the overlapping ends of the traeheids where the pits Avere aggregated. It 
was found most often, in the inner Avood of lateral roots, seldom in the outer 
Avood or in vertical roots. No outstanding generic distinctions in the propor- 
tion of alternate and opposite pits Avere noted betAA^een Airies, Tsuga, Picea, 
or Larix, but in Thuja and Pinus alternating arrangements Avere less 
numerous. 

Some differences Avere observed in the torus and pit membrane. In xibies 
and Tsuga heavy bands extended across the membrane, usually in a radial 
direction from the rim to the torus (figs. 7, 8), but occasionally in a more 
or less tangential direction so as merely to come in contact AAuth one side 
of the torus (fig. 9) or to avoid it completely. These bands gave the same 
staining reactions Avith ruthenium red and haematoxylin as the torus. They 
AA’ere not present in all pits, but generally Avere quite conspicuous in tliese 
tAvo genera. They were seldom obserA^ed in Larix, Picea or Pinus. In the 
latter genera the margin of the torus is finely serrate (figs. 5, 10). 

Explanation of figures 6-12. 

Arrangements of pits on the radial walls of early-wood traeheids in the inner wood 
of the distal portions of lateral roots. Pig. 6. Tsuga canadensis. Growiiod. and opposite 
pits without crassulae. X 330. Pig. 7. Tsiiga Opposite pits with crassulae. 

X 330. Pig. S. Tsuga canadensis. Alternate and oxrposite pits A^dthout crassulae. X 330. 
Pig. 9. Tsuga canadensis. Alternate pits, showing structure of the pit membrane, x 1300. 
Pig. 10. Larix laricina. Alternate pits, x 330. Pig. ll.Larix laricina. Alternate pits, x 330. 
Pig. 12. Larix laricina. Triseriate and alternate xiits. x 330. 
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VERTICAL PARENCHYMA 

Vertical pareneliyina, apart from that associated with resin ducts, is 
eoininon in the roots of Tmga, usually abundant but soinetiines infrequent 
in Larix, and g*enerally scarce but occasionally abundant in Ficea. The cells 
are terminal in distribution. A few parenchyma cells were observed in a 
root of Pinus IFinJmana, but since they were seen in a transverse section 
cut from material which in the meantime had been discarded, there was no 
way of ascertaining' whether they were separate xylem parenchyma cells or 
were simply the enclosing cells of a resin duct which had ceased a short 
distance above or below. In the Abietineae studied no definite trends in 
distribution were noted in different types of roots, or in roots from varied 
liabitats, nor were any peculiarities in structure observed which might serve 
to distinguish such similar woods as Ficea and Larix. In Thuja vertical 
parench^mia is common though variable in distribution. The cells are usually 
scattered throiighout the growth rings, but sometimes, particularly when 
clearly associated with injuries, occur in tangential arrangement. 

That xylem parenchyma is erratic also in stem wood, especially in the 
Abietineae, has been shown by Bailey (1909). The distribution and fre- 
qiiene,y of xylem parenchyma have been used for distinguishing fossil woods, 
but studies of living conifers show this character to be too variable to have 
any diagnostic value. 

Unlike the separate xylem parenchyma, the parenchyma cells surround- 
ing the resin ducts in the Abietineae vary both with the genus and the part 
of the tree. For instance, the epithelium lining the duets in the wood of 
Larix and Ficea is made up partly of thick- and partly of thin- walled cells, 
but there are usually more thin-walled cells in Ficea than in Larix, and in 
both genera the proportion of thin-walled cells is higher in roots and in the 
outer wood of old stems than in the inner stem or branch 'wood (Bannan 
1936). It may be noted here that the proportions of thin-walled cells, as 
given for roots in the paper cited, applied only to lateral roots. In vertical 
roots the percentage of thin-walled cells is somewhat lower than in lateral 
roots, but higher than in branch or stem wood of similar size and age. 

The nature of the epithelium of resin ducts is of some diagnostic value 
when utilized in conjunction with other characters. However, in view of the 
variation between individuals and different parts of the tree, the epithelium 
alone should not be regarded as an infallible character for separating woods 
which closely resemble one another in other features, as for instance Ijarix 
and Ficea. 

THE DISTRIBUTION OF RESIN DUCTS 

The total number of vertical resin ducts in the first 15 growth idngs in 
154 lateral roots of Ficea (P. glauca and P. mariana) and Larix {L. lari- 
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eina) collected from various sites ranged from 15 to more tliaii 200. Roots 
of tlie lareli were obtained from two places near Toronto, and two sites on 
the nortli shore of Lake Superior. Yeiy great differenees in tlie a;verage 
number of resin ducts were discovered in the roots from these sites (table 2). 
The fewest duets were found in roots dug from miu'k in the bottom of a 
creek flowing through a black spruce and larch swamp iii iiortlierii Ontario, 
and the greatest number in roots growing in a ratlier open swamp adjoining 
a field in southern Ontario. The abundance of diuds in tlie southern Ontarie 
material may have been due to injury by grazing animals, for most of tlie 
land lias been pastured at one time or anotlier, and the lateral I'oots, hx-a ted 
close to the surface, are liable to be injured. In black spruce also more ducts 
were found in the southern Ontario roots. A noteworthy feature of the 
northern Ontario material was that more vertical ducts occurred in the roots 
growing in gravel than in roots in uniform sand (table 2). 


TABLE 2 

Xumher of resin diieis in lateral roots 


»S]>e(‘ies 


Av. ring 
width 
(mm.) 

Av. total no. 

1 of vertical 
duets in first 
! 15 growtli 

rings 

.\v. no, of 
horiz. ducts 
per sq. cm. 

at 3-5 
mm. from 
})r. xylem 

Lari.r larieina ... 

Elevated vsilt-saiid soil, 
S. Ont .'. 

0.25 

80 

46 


Low ground, open 
swamp, S. Ont 

0.37 

124 

42 


Medium to coarse 
sand, dry sand 
plain, N. Ont 

0.35 

66 

31 


Muck, creek in 

swamp, N. Out. 

0.3(3 

38 1 


Fieea mariana ... 

Low ground, open 
swamp, S. Ont 

0.35 

112 

122 

j 

1 

Dry gravelly and 
stony soil, K. Ont. ... 

0.24 

93 

83 

1 

1 

Aledium to coarse 
sand, dry sand 
plain, N. Out 

0.25 

53 ‘ 

85 

Fieea (/lauca i 

i 

Medium to coarse 
sand, dry sand 
plain, N. Ont 

0.40 

76 

i 

84 


The distribution of duets in vertical roots was even more variable' than 
in lateral roots. The most numerous ducts were observed in vertical roots 
(and in some oblique lateral roots) of Picea mariana extending dowui into 
gravelly and stony soils. These roots were decidedly eccentric and much 
distorted, and transverse sections revealed areas of cell disarrangement and 
open injury, especially in the outer growth rings. Apparently these injuries 
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were due to pressure exerted by the stones upon the enlarjriiig roots wedged 
between them. Associated with the injuries were both extensive tangential 
series and scattered ducts (fig. 2). 

Other vertical roots, particularly some of Ficea glauca excavated from 
a medium to coarse sand without stones or other obstacles, had few ducts. 
The number in these was, on tlie average, only about half that observed in 
lateral roots growdng on the same site, but closer to the surface of the 
ground. In fact, four of the vertical roots were almost lacking in duets, the 
average total number in the first 15 rings being onl^^ 5, or an. average of one 
duct every three rings. As is iliustrated in figure 1, ducts were absent from 
large areas of the wood. The paucity of ducts was not attributable to lack 
of growth, since the rings were as wide as in roots with many duets, but Avas 
evidently correlated with an absence of injury due to the nature of the 
medium in which the roots were groAving. 

The distribution of the horizontal duets likeAvise varied greatly in dif- 
ferent specimens. The horizontal ducts Avere more numerous in roots of both 
Picea and Larix collected in southern Ontario than in northern parts of the 
province, the distribution paralleling that of the vertical resin ducts in that 
respect (table 2). 

The grand average number of horizontal ducts per sq. cm. of tangential 
section, determined at distances from 3 to 5 mm. from the primary xylem, 
was 84 in lateral roots of Picea glauca^ 87 in Picea mariana. and 38 in Larix 
laricina. Similar numbers of horizontal ducts Avere observed in the outer 
rings, from 3 to 5 cm. from the center, in Picea, but in Larix the number in 
the outer rings aa'RS greater than in the AAnod nearer the center. Conse- 
quently the differences betAveen the tAAn genera observed in the inner Avood 
tended to disappear in the outer rings. But even in the inner AAnod, where 
substantial differences Avere noted in the average values, the distribution 
was much too irregular to have any diagnostic value. 

The roots of both larch and spruce are diarch as a rule, and in roots up 
to 1 cm. in diameter 20 per cent more horizontal duets, on the average, AA^ere 
found in the radii parallel to the primary xAdem plate than in the other 
sectors of the AAnod. Factors responsible for this increase AA^ere the origin 
of horizontal ducts from the primary, A^ertical ducts, and the greater num- 
bers of rays in those radii. 

The distribution of horizontal ducts in vertical roots {Picea spp.) Avas 
very erratic. They were numerous in some roots, particularly in those groAV- 
ing in gravel, and Avere scarce in others. In fact, in one root groAAung in a 
uniform sand the horizontal ducts were so rare as to be absent from tan- 
gential sections of considerable area. Vertical ducts also Avere very scarce 
in this root. 

Since certain generic differences exist, the distribution of resin ducts 
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lias been used' as a cbaracter for differejitiating the secoiida.iy xyleiiis of 
living- Abi'etineae and of fossils of Abietiiieaii affinitv-. In Abies, Tsii(j(h and 
Pseudolarix, duets, when present, are always of tlie vertieRl t\’|)e aiid are 
arrang-ed in tangential rows. Similar tangential series oeeiii* in f'cdnis, but 
in this genus there are also horizontal duets. In Keicleeria only vertically 
oriented duets have been reported. These a|>pear to be eon fined to taiigtod ial 
series in some specimens, and are distributed througlnjiit tlie wood in otiiers. 
Both vertical and horizontal duets are found in Piceth Larix, and Pscudo- 
tsuga. The vertical duets are usually scattered, but in some eases tangential 
series are also formed, and on rare occasions all the duets are tangentially 
arranged. Pinus, likewise, has both vertical and horizontal duets, but the 
former are generally dispersed throughout the wood and extensive tangen- 
tial series very seldom occur in living species. The usual pra('ti<'e in the 
literature has been to describe tangential series of dmds as ti-aumatie and 
a scattered pine-like distribution as normal. Evidence lias been presented 
(Thomson and Sifton 1925; Baiinan 1936) which indicates tliat the various 
Abietineae form a graded series and that the ducts, wliether in tangential 
series or of the diffuse t.ype, are correlated with extraordinary environ- 
mentai circuinstanees. The distinction between traumatic and so-called nor- 
mal ducts is based upon an erroneous conception of the character of the 
traumatic tissue in the pines and related forms. 

Although the distribution of ducts in the Abietineae is iisiialby that 
described above, variation in different specimens may at times be so great 
as to render this criterion unreliable. For instance, the secondary xylem of 
seedling stems, the inner wood of branches, and tlie v’ood of certain vertical 
roots of Pice a may possess no duets, ducts in tangential series, or a few 
scattered vertical ducts and only widely separated horizontal ducts. In some 
cases the wood is like that in Tsiiga, or at times approaclies the condition 
in Keteleeria. In contrast, other specimens may have iinmeroiis duets witli 
a pine-like distribution. Consequently, on tlie basis of the distribution of 
resin ducts alone, occasions arise when it is difficult to distinguish Picea 
wood from Tsuga, or in other eases from Pinus. Under sucli eireumstances, 
the identification of woods whose sources are unknown must be made with, 
the assistance of other characters, as for instance the nature of the epi- 
thelium surrounding the duets, the structure of the rays, or other features 
of the primary or secondary wood. 

A peculiar type of tissue, probably traumatic in origin, was observed 
in a root of Picea mariana. It occurred in three growth rings: the sixth, 
ninth, and fourteenth from the center. In each the tissue was found in small 
groups arranged tangentially, in contact with the late-wood tracheids of the 
preceding ring on one side, and surrounded on the other three sides by 
semicircles of thick- walled parenchyma cells (fig. 4). The tissue was com- 
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posed of tliiii-walled cells which stained deeply with haematoxylin but were 
unaffected by safranin. Since the outlines of bordered pits were discernible 
wJien the walls were viewed in radial sections, it is evident that the thin- 
walled cells were tracheids whose development had not proceeded much 
beyond the initial stag-es. Some resinous material was found in the areas. 
However, they differed from resin ducts in the absence of large intercellular 
spaces. In place of the extensive schizogenous cavities which characterize 
resin ducts there occurred incompletely developed tracheids. 

HEIGHT AND DISTRIBUTION OP RAYS 

The a\’erage height of the rays in the inner wood of the lateral roots of 
adult trees is shown in figure 15 for five species of native conifers. In all the 
height was calculated at points 3 mm. from the primary xylem, two deter- 
minations being made for diarch roots, one on the radius paralleling the 
primary xylem plate, and the other on the radius at right angles to the 
plate. The determinations were made along the roots at the distances from 
the stem indicated in the figure. Different trends in ray height were ob- 
served. In Thuja the rays were low in the distal as well as in the proximal 
parts of the roots, but in the other conifers the height w^as greater, and as 
shown in figure 15, increased sharply with distance from the stem. When 
comparison was made with branch wood it was found that the average ray 
height in the distal roots of Thuja was approximately the same as in 
branches of like size and age, whereas in Tsuga the rays were slightly higher 
in roots than in comparable branches, and in Picea, Larix^ and Pinus were 
much higher than in branches. 

In diarcli roots 1 cm. or less in diameter, the average ray height varied 
on different radii, being generally somewhat greater on the radii at right 
angles to the primary xylem plate. The growth rings also were usually wider 
in those radii, but on the whole no correlation between ray height and ring 
width was observed in roots of this size. The height in roots with wide rings 
generally was no greater than in roots with narrow rings. In this respect 
the roots differed from stems or branches of similar size. In the latter the 
rays were higher in the specimens with the wider rings (Bannan. 1937). 

The average ray height in the outer wood of large lateral roots, several 
cm. in diameter, varied greatly. In some roots it was about the same as that 
in the inner wood. In others there was a slight increase, and in yet other 
roots, especially where the outer rings became sharply narrower, some of 
the ray rows ceased and the average ray height declined. Generally the rays 
\vere slightly higher in the outer wood on the upper than on the under side, 
but occasionally the reverse was true. 

No consistent relationship was discovered between ray height and soil 
conditions. In Picea mariana the average height was somewhat greater in 
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DISTANCE FROM STEM IN FEET 




DISTANCE FROM STEM IN FEET 

Fig. 13. Cross-sectional area of early-wood traclieids in lateral roots. The size of tlic 
traclieids was measured in the inner wood, 1 to 3 mm. from tlie priinarY xylem, and at tlie 
distances from the stem indicated. Data based on 174 sets of measurements. Fio. 14. Aver- 
age percentage of ray rows containing ray tracheids in lateral roots. The ino'cc'iitage was 
determined at a distance of 3 mm. from the primary xylem; two calculations were made 
and averaged foi* diarcli roots, one in the radial })lane at right angles to the prinniry 
xylem plate, and tlie otlier in the plane. pai'aUeling the plate. Data based on 271 determina- 
tions. Fig. 15. Average ray height in lateral roots. Tlie height was calculated at 3 mm. 
from the primary xylem, determinations being made from radial st‘ctioiis as described 
above. Data based on 295 determinations. Fig. 16. Average numbtn* of rays per sq. nim. 
of tangential section in lateral roots. The determinations were made at distances 3-5 mni. 
from the ] 3 rimary xylem. Data based on 263 calenlations. The spt‘ci(‘s are Thuja occiden- 
talis, Tsuga canadensis, Picea mariana, Picea glanca, Larix larieina, and Pinus BanJesiana, 
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roots growing in dry sand tlian in roots collected from swamps. A sliglit 
diiferenee in the opposite direction was noted in Larix laricina, and in Thuja 
occidentalis and Tsuga canadensis no appreciable differences were observed 
between roots from these two types of habitat. These statements apply only 
to the smaller lateral roots, approximately 1 em. in diameter. In larger roots 
of Thuja occidentalis the ray height in the outer wood was found to be 
greater in the drier habitats, but similar comparisons were not made for 
the other conifers. The range of variation betw^een individuals on the same 
site was generally very much greater than the average differences between 
sites. At one site where a few roots of Picea mariana w^ere collected from a 
very small area, the average ray height in one root was approximatel.y 
double that in the others. The soil appeared to be uniform in texture and 
moisture content, and the trees were of similar size. 

The number of rays per unit of tangential section, in lateral roots, was 
more or less inversely proportional to the ray height. In Thu ja, where the 
rays were low, they were more numerous than in LariXy Picea, and PinuSy 
which had high rays (figs. 15, 16). Moreover in the latter genera the rays 
w^ere less frequent in the distal parts of the lateral roots, where the height 
was greatest, than in the proximal portions. A factor in the lessening fre- 
quency of rays in the distal roots w’’as the broadening of the traeheids which 
necessarily spread the rays farther apart. 

The ray height in vertical roots {Picea glaucay Pinus Strohusy and P. 
Banksiana) was definitely lower than in lateral roots, and approximated 
the height in branches. The average height at 3 mm. from the primary xylem 
was 3.6 cells in Picea glanca and 3.8 cells in Pinus Banksianay as compared 
with 5.5 and 5.3 cells in lateral roots the same distance from the stem. A 
like dissimilarity "was noted in Pinus Strohiis. Outward from the center of 
the roots the ray height increased slightly, but still remained below that in 
lateral roots. The average was 5 cells at 2-5 cm. from the primary xylem 
in vertical roots of Picea glaucay as compared with an average height of 6 
to 7 cells in lateral roots of similar size, growing in the same kind of soil. 
In Thuja occidentalis, on the other hand, little difference 'was found between 
vertical and lateral roots, the average ray height being low in all roots. 

Although different tendencies become apparent in various genera when 
a large amount of material is examined, both the height and distribution of 
rays vary too much from one specimen to another to be useful in differen- 
tiating closely related forms. For instance, the trends and average values in 
Picea and Larix are too similar to have any diagnostic value. Moreover the 
differences between individuals are much greater than the average differ- 
ences between the two genera. The height and distribution of rays in Thuja 
differ markedly from the other conifers, but the wood of this genus may 
readily be separated from that of the Abietineae by other more reliable 
characters. 
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HAY STRUCTURE 

Tlie ray cells are principally parencliyma. and traclieids, but tiie 'pro- 
portions of these cells differ greatly in various conifers. Ray tracheids were 
seldom found in the lateral roots of Thuja, they formed a small percentage 
of the ray tissue in the inner root wood of Tsuga and Picea (fig. 14), were 
more abundant in the roots of Larix, and made ii|) from one-tliii'd to one- 
half the ray tissue in Pinus. In all genera ray ti'acheids wei’e less numerous 
in lateral roots, particularly in the inner wood to a distance of 1 cm. from 
the primary xylem, than in stems or branches of similar size and age. The 
greatest difference between roots and stems was observed in Picea glauca, 
in which the proportion of ray rows containing ray tracheids was only 5 
per cent in the inner wood of distal lateral roots as (Mimpared with fi'oni 20 
to 40 per cent in stems ; and the least difference in Pinu.s where ray tracheids 
were almost as abundant in some roots as in stems. Tlie extent of these dif- 
ferences was indicated in a previous article (Baniian 1937), but it may be 
pointed out here that the values presented in that paper (table 1) for typi- 
cal buried^’ roots pertain to lateral roots only. 

It is interesting to note that ray tracheids are usually slightly more 
numerous in stem wood of Picea (either P. glauea or P. mariana) than in 
Larix (L. laricina), but in roots the reverse is true. The proportion of ray 
tracheids in the inner wood of lateral roots of Larix was, on the average, 
twice that in Picea (fig. 14). In other words the degree of difference between 
root and stem was generally much greater in Picea than in Larix. This serves 
as another illustration of the manner in whicli conifers which closely resem- 
ble one another in many respects may differ markedly in the degree of reac- 
tion to similar environmental conditions in some other character. Relation- 
ships observed in one species are not necessarily of general application to 
the group as a whole. 

Widely different proportions of ray tracheids were observed in the outer 
wood of the bigger lateral roots. In a large buttress root of Picea Engel- 
manni, examined at a point near the stem, ray tracheids made up 17 per 
cent of the ray tissue in the outermost rings on the upper side, but were 
absent on the under side. In another large lateral root, which was still 9 
cm. in diameter at a distance of 12 feet from the stem, ray tracheids consti- 
tuted less than 1 per cent of the ray tissue in the outer rings, both on the 
upper and under sides of the root. In other roots of Picea Engelmanni and 
in other species of Picea ray tracheids usually became more iiumerous in the 
outer rings. Thus in large lateral roots of Picea glauea and P. mariana^ at 
distances from 1 to 10 feet from the stem, ray tracheids attained maximum 
values of from 20 to 30 per cent in the outer wuod on the upper side, or nearly 
as much as in stem wood. In most roots ray tracheids were less numerous 
on the under side, the usual difference being from 5 to 10 per cent. Similar 
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j)f()])()rti()us Y'ere observed in the outermost ring's in large lateral roots of 
Larix larieina. In Thuja occidentalis the percentage of ray traelieids was 
very low throughout the wood in lateral roots, averaging 0.3 per cent at 3 
inin. from the primary' xylem and 1 per cent at 1-3 cm. 

In Larix ray tracheids w^ere most numerous in roots obtained from tlie 
northern parts of the province. The average proportions w^ere 20 per cent 
in northern Ontario and 13 per cent in southern Ontario (the determina- 
tions being made at 3 mm. from the protoxylem in lateral roots at distances 
from 6 to 19 feet from the stem). In both regions ray tracheids were slightly 
more abundant in roots growing in swamps than in dry sand, but the aver- 
age differences were so slight as probably to be without significance. Similar 
differences between roots in w^et and dry sites were observed in Picea mari- 
ana. On the other hand no appreciable differences between roots in varied 
habitats were discovered in Tsuga canadensis^ and in Thuja occidentalis ray 
tracheids were scarce in all roots. 

Wide variations in number of ray tracheids were noted among certain 
individuals of the same species growing under apparently similar condi- 
tions. For instance, in one tree of Picea mariana the average per cent of ray 
tracheids in the inner wood of lateral roots w-as 17, in another 6. Several 
roots were examined, but the deviation from the average was relatively 
slight in each tree, the roots of one having a consistently high proportion 
of ray tracheids (11-22 per cent), and the roots of the other a low propor- 
tion (4-10 per cent). The trees were of like size and w^ere growing in an 
open coniferous stand on a sand plain. Although it eaiinot be stated that 
the environment was identical for both trees, no appreciable differences w^ere 
detected in soil texture, moisture, or root competition. It W'Ould seem that 
these particular variations in number of ray tracheids were due to genetic 
rather than to environmental factors. Certainly the differences between indi- 
viduals in the same habitat were much greater than the average differences 
between those from such unlike habitats as dry sand plain and swamp. 

The proportion of ray tracheids in vertical roots, as a rule, was no higher 
than in lateral roots, and in some was lower. In vertical roots of Picea 
glaum ray tracheids made up 7 per cent of the ray tissue 3 mm. from the 
protoxylem in both lateral and vertical roots, but 2-5 cm. from the center 
ray tracheids were usually less numerous in vertical than in lateral roots. 
In the material examined the proportions 2-5 cm. from the center were 14 
per cent in vertical roots and 22 per cent in lateral roots. In Pinus Bank- 
siana, P. StrohuSy and the western Tsuga heterophylla and Pinus ponder osa y 
ray tracheids were slightly less numerous in vertical roots up to 1 cm. in 
diameter than in lateral roots of corresponding size. Larger vertical roots 
of these species were not examined. In all roots of Thuja occidentalis ray 
tracheids were scarce. 
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It is iiotewortliy that althougli vertical roots liave wood whiidi is stem- 
like ill so many respects (tracheid caliber, extensive late wood, arraii^'eiiieiit 
of pits in the walls of the traeheids, and hei<i‘ht of tlie rays), tlie my 
tracheids not only have not taken part in this development ot a steiii-like 
wood, blit, in some roots at least, have deviated in the op{)osite direction. 



Pig. 17. Larix laricina. of ray cells in lateral roots. In the drawings of tlie 

parenchyma cells the pit apertures in the adjoining traeheids have been sliowni in addition 
to the margins of the simple pits in the walls of the ray parencliyma. Stippling represents 
protoplasm. Cells which are not stippled lack content^ except in type I) wiiere crystals are 
present. Piirther descriptions in the text. 
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Ea.y traelieicls were, in most of tlie speciineiis examined, slightly less numer- 
ous tliaii ill lateral roots of similar size, and were markedly less numerous 
tlian in comparable branch or stem wood. 

In figure 17 are illustrated the different types of ray cells observed in 
the roots of Larix laricina. The ray parenchyma cells typically have thick- 
ened, lignified walls with simple pits. Between the pits are wall thickenings 
which sometimes have a knob-like appearance when viewed in radial sections 
(fig. 17, B, D, K). Occasionally these thickenings are much reduced, espe- 
cially on the end or vertical walls (F). The protoplasm in the parenchyma 
cells usually persists for several years, but sometimes disintegrates early 
so that the cells appear empty (K) or contain crystals (D). The walls of 
the empty or crystal-containing cells may be very thin. The ray tracheids 
are devoid of protoplasm and have walls perforated by bordered pits (A 
and E). Some of the cells have vertical processes (G), and others, especially 
those near the origins of rays, are vertically elongated (H and J). The latter 
may have few pits, and these frequently are smaller (H) than in the more 
typical ray tracheids. Outlines of cells, known as ghosts, are occasionally to 
be seen near the points of ray origin or in the marginal rows of old rays 
(I). Sometimes the outline is a little more definite and small areas resem- 
bling pits can be recognized (C). 

Although all the varied kinds of ray cell described above can sometimes 
be found in a single radial section, most of the ray cells are like types A 
and B. The other types occur rarely, but when present are usually to be 
found in new rays one or two cells high or in the marginal rows of the older, 
liigher rays. The ray cells of Tsiiga and Picea in general resemble those of 
LariXy though some minor differences w^ere noted. For instance, the thinning 
of the end walls of ray parenchyma cells, shown in figure 17, F, was not 
observed in the roots of Tsuga or Picea, The ray cells of Thuja on the one 
hand and of Pvniis on the other differ from those of Larix in some essential 
details which have been described or illiistrated in other articles (Bailey and 
Faull 1933; Bannan 1934). 

Certain features of the ray tissue are useful for differentiating conifer- 
ous woods. For instance, Bailey and Faull (1933) have demonstrated that 
the wall structure of the ray parenchyma cells distinguishes most Abietineae 
from the other conifers. Other features, however, such as the occurrence and 
proportions of the different types of ray cells are inconstant. Differences 
between genera or groups of genera observed in the majority of specimens, 
and which might accordingly be considered distinctive, sometimes disappear 
in other specimens or in certain parts of the tree. 

On the basis of the ray cells in stem or branch wood the Abietineae may 
be divided into four rather ill-defined groups. In PseiidolariXy Keteleeriay 
and AhieSy which may be considered as constituting one group, the rays are 
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inade iip of varied ]:)r()portioiis of the following types of cells: ordiiiaiv' ray 
]')arenchyi:na, pai'enehyma cells with typical wall striietiii*e but devoid of 
content, gliosts, and very thin-walled cells with, or Avithoiit cr\'stals. .In .mate- 
rial examined by the writer the differences between these three gemn-a 
appeared to be quantitative rather than qualitative, (diosts and (*rystal- 
containing cells were least numerous in Pseudolarix and most frequent in 
some species of Abies ^ but differences between individuals, parts of the tree, 
and possibly between species, especially of Abies, were such that it seemed 
doubtful if the woods of these conifers could be positively distinguished hr 
their rays. Eay tracheids occur rarely in Abies but are too sporadic to have 
any diagnostic value. Cedrus resembles tlie foregoing in tlie presenee of 
ghosts and crystal-containing cells, but differs in tlie general occiirrence of 
ray tracheids. Tsuga, Larix, Picea, and Pseudofsuga eonstitiite a third groii]) 
of Abietiiieae in which ray tracheids are generally numerous, and ghosts, 
thin-walled cells, and similar types are relatively rare. Here again, however, 
the proportions of ray tracheids and parenchyma cells vary so greatly that 
this feature of the ray tissue does not provide a means of differentiating 
the woods of these four genera. In the genus Phiiis some species liave rays 
resembling those in Picea, wdiile in other species ra}” tracheids are more 
numerous, the walls are further elaborated, and the ray parenehyraa cells 
are also different. 

The differences described above for stem or branch wmod do not neces- 
sarily apply to root wood. For example, ray tracheids, although abundant 
in mature stem wood of Picea, are sometimes lacking in root wood. The 
problem of identification of the fossil woods is further complicated by the 
fact that the proportions of the various types of ray cells sometimes dif- 
fered materially from those obtaining in their nearest living relatives. Ray 
tracheids are unreported in most fossil gymnosperm woods. These cells w^ere 
observed by Arnold ( 1930 ) in certain species of Callixylon, and some 
tracheary cells of peculiar type have been described by Andrews (1940) 
for Lyginopteris, but generally the rays seemed to have been parenchy- 
matous. Even in some of the Cretaceous pines ray tracheids occurred rarely 
or were lacking. These cells w^ere not found in PUyoxglon folios urn and P. 
anomalum (Holden 1913 ), or in Pityoxylon statenense and P. seituatense 
(Jeffrey and Chrysler 1906 ). In Pityoxykm scifiiafe'nsiform^^^^ (Bailey 1911) 
ray tracheids did not appear in the first 10-15 years’ growth and were 
poorly developed in the subsequent wood. 

In some fossil woods cells have been observed which, it was said, resem- 
bled or suggested ray tracheids but could not be positively identified as 
: such. These indefinite cells have been reported in Protopieeoxylon by Seward 
( 1919 ) and Read ( 1932 ). Slopes ( 1915 ) has illustrated for Pityoxylon Ben- 
,stedi mid P. Seivardi ray cells wdth simple pits in one wall and wliat were 
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(leseribed as bordered pits in other walls. These cells were considered to be 
Ttiy tracheids, but if cells have such mixtures of pits they obviously are not 
typical ray tracheids. Holden (1913), describing* a Cretaceous P/ti/oxi/Zo?/. 
noted cells along the margins of rays which were irregular in shape and 
destitute of resinous content. She stated that at first sight these cells, 
appeared to be ray tracheids, but was careful to point out that the unbor-^ 
dered character of the pits negatived that possibility. 

Irregular oiitliiies, lack of content, and marginal position in the ray do 
not suffice to identify cells as ray tracheids. These characters are also com- 
mon to certain parenchyma, thin-walled cells, ghosts, and other types which 
occur in varying proportions in the secondary xylem of living Abietineae. 
Only the presence of bordered pits exclusively can be considered an infalli- 
ble criterion for establishing cells as ray tracheids. In radial sections this 
involves distinguishing between half-bordered pit-pairs, such as occur 
between tracheids and ray parenchyma cells in most Abietineae, and the 
full-bordered pit-pairs found between tracheids and ray tracheids. Since 
empty, irregularly shaped parenchyma cells, thin-walled cells, and other 
types occur in large numbers in certain living Abietineae, and are present 
to some degree in most genera, their occurrence is to be expected in fossils 
of Abietinean affinity. Possibly some of the indefinite cells reported in the 
literature are of these types. 



"After exposure the wood 
becomes stem-llke 
“Tracheids large, very little late 
wood, rays high 6v. 5 -7 cells), 
ray tracheids scarce Ov, 5-7 
per cent) 

Tracheids of medium size, much 
late wood in rings, rays high 
lav. 5-7cells), many ray tracheids 
Imax. 30per cent) 

Rays sometimes lower, ray 
tracheids less numerous 
-Tracheids small, growth rings 
stem-like, rays low (av 3-4 
cells), ray tracheids scarce 
lav. 7 per cent) 

■Resin ducts often scarce 
Resin ducts abundant 


Fig. 18. Ficea glauca. Scliematie diagram of roots to sliow correlation } 3 etweeti wood 
structure and location in tlie root system. 


SUMMARY 

A study was made of the secondary xylem in roots of native eonif ers to 
determine the range of structural variability within the species. Material 
was collected from varied habitats and from different parts of the root sys- 
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teiiis. The eonifers iiive8tig:ated were the local species of Thuja, Tsuga, 
Abies, Larix, Picea, and. Piniis. 

A fine-textured, stem-like wood was •found the roots of sinaii trees, 
in the upper side of buttress roots of mature trees, about the periphery of 
the largest lateral roots, in roots exposed by soil erosion, and in vertical 
roots deep in the soil. An open wood with large early-wood tracheids and 
little development of late wood was observed, in tlie first one or two centi- 
meters of growth in the distal parts of lateral roots located in the top few 
inches of soil (see fig. 18). 

The diameter of the tracheids varied greatl\' in different parts of tlie 
root system, the greatest range being noted in Larix, the least in Th uja. No 
consistent relationship was discovered between traclieid size and soil 
moisture. 

The pitting in the radial walls of the tracheids varied from opposite to 
alternate, the latter arrangement occurring most frequently in the inner 
wood of lateral roots of Tsiiga, Larix, and Picea. Alternate pits were less 
abundant in Thuja and Pimis. 

Vertical parenchyma cells were of erratic distribution in most of the 
genera studied. No trends w^ere observed in different parts of the root 
■■systems. 

The distribution of resin ducts was exceedingly variable. Ducts were 
most numerous in injured material, fewest in apparentiy unharmed speci- 
mens, for instance certain vertical roots penetrating deep into uniform 
sand. In such roots {Picea glauca, fig. 18) resin ducts were usualiy scarce, 
large areas of the wood possessing neither vertical nor horizontal ducts. 

The height and distribution of rays varied greatly, both in different 
parts of the root systems and in different conifers. In general, the rays 
w^ere highest and least numerous in the distal parts of lateral roots and 
lowest in vertical roots. The range of variation within the root system of a 
single tree was greatest in certain Abietineae, least in Thuja. 

The proportions of the various kinds of ray cells (tracheids, paren- 
chyma, and other types) varied throughout the root system and from one 
genus to another. The greatest variability 'was observed in Picea and the 
least in Thuja. 

Because of this great variability in 'wood structure it is clear that ana- 
tomical studies must be based upon wide selections of material if they are 
to have taxonomic value. 

The Avriter wishes to express his thanks to Professor R. B. Thomson for 
his interest in the work, and to Dr. D. H. Hainly for generous assistance 
with the photomicrographs. 

Department of Botany, University of Toronto 
Toronto, Ontario 
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RAPID IDENTIFICATION OF THE MONTANE- 
SUBALPINE ZONE BOUNDARY'^- 

Ronald L. Ives 
(with one figure) 

In Yarious parts of the RoclvV Mountains, extreiiie lias been 

experienced in making* rapid, but reasonably aceiirate, differeiitiat ion 
between the montane and snbalpine vegetative zones, wliiel}, in these areas, 
intergrade like the various minerals in a eomplex is(:viiiorphou series. Idris 
difficulty is further increased by the extreme iri*egiilarity of tlie zone of 
transition, a result of great local variations in water supply, temperature, 
soil, and effective solar radiation. 

Where topographic relief is from slight to moderate, and soil and climatic 
conditions are reasonably uniform, zonal boundaries may be determined at 
a very few points, with any accuracy desired, and tliese findings extrapolated, 
for considerable distances without introducing appreciable errors. Zonal 
definitions based solely on altitude are reasonably accurate in such areas. 



Fig. 1. Outline map of Colorado. Area of priiieipai studies sliiided. 


1 Besearcli assisted by grants from the Penrose Fund of the Anierican Pliilosopliieal 
Society. 
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Altitude raiij^es of the various life zones in Rocky Mountai]i National Park, 
Colorado, are stated by Ashton (1, pp. 6-13). 

Studies in the upper valley of the Colorado River (%. 1), and in adja- 
eent parts of the Front and Never- Siminier Ranges, showed that extrapola- 
tions of more than a few thousand feet were hopelessly inaccurate in many 
areas. Complicating the biotic relations in this structurally and strati- 
graphically complex region are extreme local variations in climate, due in 
part at least to topographically-controlled convections (2) in the deep val- 
leys carved into the nioiuitain flanks during repeated Pleistocene glaciations. 

Studies of plant successions in this area disclose that wherever montane 
forest cover has been removed, whether by lumbering, fire, avalanche or 
solifluction, the replacement growth is aspen (Populus tremidoides) ; and 
that where subalpine forest has been destroyed, replacement growth is 
limber pine (Pin us flexilis) in windswept areas, and predominantly lodge- 
pole pine (Pinus coniorta) where shelter is adequate. Montane and sub- 
alpine replacement growths tend to be mutually exclusive during the first 
few decades of reforestation, so that the dividing ‘Cine” between zones is 
relatively sharp. 

Field investigations show that the transition from aspen to evergreen, as 
replacement growth, falls within the ''zone of uncertainty^’ between the 
montane and subalpine zones. From these data, the following zone-identifi- 
cation criteria may be stated : 

1. If replacement growth is wholly evergreen, the area is in the subalpine 
zone. 

2. If replacement growth is predominantly aspen (80% or more), the 
area is in the montane zone. 

3. In an area of considerable relief, where natural reforestation is in 
progress, and where the replacement growth is predominantly aspen at low 
elevations and wholly evergreen higher up, . the transition from aspen to 
evergreen indicates the boundary between montane and subalpine forest. 

4. Where replacement growth is mixed, wdth aspen not predominating, 
the area is in the montane zone, but the upper limit of aspen growth does 
not necessarily indicate the interzonal boundary, and may be far below it. 
This condition is common where reforestation is approaching completion, 
or where solifluction is in progress. 

Rather obviously, these criteria may be applied rapidly, for aspen and 
evergreen growths are easily - distinguished, even at a distance, either 
visually, or by use of infra-red photography (3). Areas undergoing refores- 
tation can usually be identified without difficulty. Growths that are unde- 
niably of the replacement type can be found in avalanche scars, which are 
most numerous on valley walls in the very localities where it is most difficult 
to distinguish between montane and subalpine forest by the usual methods, 
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and where extrapolations from a few e^.refully-detei'iiiiiied, poi,nts teiid to be 
least accurate. 

These criteria appear sufficiently ac(u:irate for use in all hut liigh.iy 
driailed studies in the Colorado Front lianye aiaci l.MUween latitiuh^s did 
and 41'^, and seem applicable southward to at least latitude db d as iudicatpd 
by rough reconnaissances. Although they will ])rol)al)ly he nsef'id in many 
other parts of North America, either as stated, nr with slight inodihiatlioits, 
these criteria should not be depended upon, at any gr(^at distaiiee From the 
Colorado Headwaters area, until they have been (ou'cfiiily ehtM-kt^l, and tinnr 
validity, for the area under consideration, definitely shown. 

Bottlder, Colorado 
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CONTRIBUTIONS TO THE BIOLOGY OF POLYPORUS 
RHEADES (PERS.) FRIES 

H. E. Bailey 
(with two figures) 

Poly poms rheades (Pers.) Fries is a eomnion fungus in California, 
causing a destructive white-piped rot of oakd The fungus is particularly 
coninion in the vicinity of Mount Diablo, Contra Costa County, California, 
where sporophores were found on several species of oak. Quercits Wislizenii 
A. DC., Qiierciis lohata Nee, and Quercits Douglasii H. & A. were those 
most severely attacked. Cross sections through the trunks showed most of 
those which were from three to four feet in diameter badly decayed, as well 
as many of the smaller ones (fig. 1). 



Pig. 1, Cross and longitudinal sections of a portion of a rotted trunk of Quercus 
agrifolia siiowing the typical mottled rot caused by Folgporus Fheades. 


Sporophore formation occurs during the fall, usually between the months 
of September and November. The scarcity of sporophores at other seasons 
of the year may perhaps be explained by the fact that they are early at- 
tacked by insects. In the Mount Diablo region the fruiting bodies are disin- 

1 Hedgecock, G. G., and Long, W, H., Heart-rot of Oak caused by Polyporus dry- 
opMwsBerk. Jour. Agr. Res. 3: 65-80. 1914. 

198 




BAILEY: FOLYPORUS KIIEADES 199 

tegrated by a particular insect. Tinea defect ella ZelL, tlie larvae cf wliieli 
bore tliroiia’h tlie sporopliore and hoiievcoiiib it with tdiaiuieis. 

Spornlatioii in nature may be very abinidaut. In one iiistanee it was 
noted that a deposit of spores 3-4 millimeters thi(-k had rollcedMl under a 
sporopliore which had grown in such a mannei* as t«» rorni a protfM'live 
pocket between the pore surface of the sporopliore ami the hark of the trefc 
Freshly collected sporophores brought into the laboi’atory were very sensi- 
tive to changes in orientation and, in spite of pret-autions taken durina 
transit from the field to the laboratory, the pore surfat'c soon h(‘(an!i(^ cov- 
ered with a new growth of myeeliiim. Shallow pores (XM-asionally developed 
when these sporophores Avere kept under a bell jar, but spoiailation never 
oceurred from the new^l}' formed pores. Sporophores ])i*oduc(‘d in culture 
cast spores abundantly, some for a period of 30 days. The spores shed dur- 
ing this period in one eiilture AA-eighed over 100 mg. (air dry Aveight). 

Germination of the spores Avas erratic and tlie percentage low Sjiores 
obtained from, spore trajis, spores shed directly onto tlie agar substrainm. 
and spores produced from sporophores in culture A\'ei*e used in tin* ueriiiina- 
tioii tests. No germination oeciirred Aviien tlie folloAA'ing snbstrata A\ei*e used : 
plain 2 per cent agar, corn meal agar, malt ext]*a(-t agar, agar with 1 per 
cent phosphoric acid, or 1 per cent lactic acid, Leoniards agar, and oak 
agar. Spore germination was obtained, however, in a malt extract iiiedinm 
in which the mycelium had previously been growing. Drops of the filtered, 
sterilized medium Avere placed upon the lid of a Petri dish with sterile 
water in the bottom to keep the humidity high. These drops Avere tlieii 
inoculated from a spore suspension. Examination shoA\a}d about 15 per cent 
of the spores germinated. 

In order to study the changes oceurring in wood during the ]) roc-esses 
of decay, chemical analyses Avere made of samples taken from wood hhx-ks 
Avhich had been exposed to the fungus and Avliicli had lost 22.5 per cent, 
29.7 per cent and 44.7 per cent in AA^eight during siu'cessively longer periods 
of exposure to the fungus. The Avood blocks Avere prepared as folloAA^s: a 
seasoned section of trunk of Qiiercus agrifolia nine inches in diameter Avas 
saAA^ed into pieces one inch square and three indies long. These Acere soaked 
in water for one hour at reduced air pressure and then sterilized in an 
Arnold steam sterilizer on three siiccessNe da.ys for a period of a half hour 
each. The blocks Avere then removed from the eoutaiiiers and placed on 
glass slides in previously prepared culture dishes in which a heavy mat of 
myeelinm had been allowed to develop. In the preparation of tliese dishes 
a 2 per cent malt extract agar AA’as inoculated Avith sporopliore tissue. 

The culture dishes containing the blocks of AVOod Avere kept in a humid 
chamber at 25® C. Color changes caused by the action of the fungus on the 
AA^ood Avere early noticeable. The AAmod became progressively lighter in color 
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and, ill the most advanced stag-es, had a bleaciied appearance, with tliin, 
dark, zone lines running* irregularly through it (fig. 2). The rotted wood 



Fig. 2, Sporopliore of Folyporm Fheades developed on wood block in culture. The 
dark zone lines in the wood are characteristic. 


appeared stringy, was soft and spongy, and could easily be torn apart 
with the fingers. 

Samples of decaying wood were taken at various intervals during the 
exposure to the fungus, their loss in weight determined, and the components 
analyzed and compared with those of sound wood (table 1). Analyses were 


TABLE 1 

Chemical, analysis of sound and decayed wood of Qitercus agrifolia and tissue of Foly- 
p.orus Blieades. 



Wood decayed in culture 

Sound 

wood 

Wood 

decayed 

in 

nature 

Mycelium 

Sporo- 

pliore 

context 

Loss in weight 
H.,0 Sol 

22.5% 

9.22 

29.74% 

9.09 

44.7% 

6.77 

15.65 

54.9% 

4.33 

17.52 

13.85 

Ale. Ben. Sol. 

1.39 

1.29 

1.04 

4.81 

1.62 

9.69 

3.45 

Cellulose 1 

50.37 

42.15 

35.28 

52.3 

24.48 

69.0 

39.8 

Lignin 

10.81 

6.46 

6.90 

20.8 

15.42 

55.0 

60.8 

Pentosans 1 

15.50 

14.50 

12.0 

22.6 

7.53 

2.37 

0.777 

Ash i 

1 

0.868 

0.95 

1.12 

2.34 

0.889 ! 

1 

0,945 

0.217 
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also made of fungous tissue botli from sjioropliores obtained in tin* field and 
from myeeliiim grown, on wood blocks. Comparing 1 he utilization of wood 
com|:)oiients by the fiingus, we see that there is a progressively gia^ater 
iitili^^atioii of each of these in samples taken at siiec'cssivt^ intervals. ldit‘ 
values obtained for the sporophore context and ttie mycelinm differ a{)pre- 
eiably from those obtained for wood. 

Berkeley 

California 
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CHROMOSOME BEHAVIOR AT MEIOSIS IN 
TRIPLOID TRADESCANTIA HYBRIDS 

Norman Giles 
(with twelve figures) 

INTRODUCTION 

A recent study of the chromosomes at the first post-meiotic mitosis in 
the microspores of diploid species of Tradescantia L. has demonstrated the 
rather frequent oceurrenee, especially in hybrids, of spontaneous chromosome 
changes (Giles 1940). A similar examination of the chromosomes of triploid 
Tradescantia hybrids has shown the same types of post-meiotic changes. 
It has also been found that other types of aberrations, resulting from meiotie 
irregularities, occur at the pollen grain mitosis. To aid in interpreting and 
distinguishing these two classes of aberrations, a study has been made of 
chromosome behavior at meiosis. The actual types of aberrations revealed 
at the first post-meiotic mitosis will be described and discussed in the second 
part of this study (Giles 1941). The present observations at meiosis have 
also provided material for an analysis of the comparative amounts of 
structural hybridity of the chromosomes in the diploid and tetraploid 
parents and in the triploid hybrids between them, and this paper deals in 
large part wdth a discussion of this subject. Since it has recently been shown 
that heterozygous inversions may occur with considerable frequency in 
species of Tradescantia (Sax 1937; Darlington 1937a; Swanson 1940), 
particular attention has been piiid to evidence for inversion hybridity. 

MATERIALS AND METHODS 

The triploid plants used in this investigation were the result of a cross 
between a diploid Tradescantia paludosa Anders, and Woods, as female, 
and a tetraploid T. canaliculata Raf. as male parent. The T. paludosa stock 
'was originally obtained by Dr. Edgar Anderson at Geiitilly, Louisiana, 
some years ago, and a clone from this material is maintained at the Harvard 
Biological Laboratories. The T. canaliculata was collected by the writer near 
Atlanta, Georgia, in the spring of 1938. The twu parents are quite typical of 
their respective species, and show no evidence of having hybridized with 
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other species in the field. In their external charaeteristies the hybrids give 
almost no indication of being intermediate between the two parents. It is 
true that the parental species do not differ greatly to begin with, but even 
of those characters in which they are different, such as the distribution of 
stomata, shape and size of bracts and leaves, general habit of plant, and 
hairiness of leaves (particularly the lower leaf sheaths, and entire young 
leaves), the hybrids tend to exhibit almost all the characters of T, cmial/ic- 
iilata. This is veiy probably due to the presence in the hybrids of two sets 
of genes from T. canaliculata and only one from T. paludosn. It is interesting 
to note that hybridization under natural conditions iiivolving these two 
species and T. hirsiiti-jlora Bush, with the occasional production of triploids, 
has been reported recently by Riley (1939). 

In the cytologieal study of the plants, aceto-earmine smears of meiosis 
were used. 

CHROMOSOME BEHAVIOR AT MEIOSIS 

A comparative study has been made of chromosome behavior at meiosis 
ill the three types of plants studied, with, particular emphasis on the various 
types of aberrations due to structural hybridity. Of these, inversion 
bridges are by far the commonest, and their frequencies in the parental 
types and the hybrids were found to differ considerabl.y. The types of 
chromosomal configurations in the three groups and their relation to chiasma 
frequency and inversion bridge frequency have also been considered. 

Fairing Belaiions and Chromosome Distril)ution, Meiosis in the diploid 
T. paludosa is very regular. The only irregularity in pairing noted was 
the oceurrence of 4.3 per cent univalents at metaphase. Despite the pres- 
ence of a certain number of univalents, chromosome distribution is very 
regular, for in 128 cells scored only 6-6 distributions were noted. Also 
in the same cells no lagging chromosomes were noted (table 1). The chiasma 
frequency is fairly high, 2.4 per bivalent, of which one-third are inter- 
stitial. 

Meiosis in autotetraploid tradescantias is characterized hj the oeciirrenee 
of quadrivalents and trivalents as well as bivalents and univalents. In 
the plant of T. canalictdata studied, the frequency of quadrivalents was 
2.7 per cell and of bivalents, 5.1 per cell (table 1). This is somewhat lower 
than usual, for in most tetraploid tradescantias studied the frequency of 
quadrivalents per cell has been at least three (Darlington 1929 ; Anderson 
and Sax 1936). This lower percentage of quadrivalents may be due to the 
somewhat lower chiasma frequency, 0,7 per chromosome, as compared with 
0.8 and 0.9 for plants with more quadrivalents. The increased percentage 
of bivalents may mean that the chromosome complement was derived from 
two gametes quite unlike in the structure of their ehromosomes. If the 
resemblances as to pairing properties of chromosomes were closer within 
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eacli set tliaii between the two sets, we should expect a higher proportion of 
bivalents. That a situation with similar results ina^" indeed arise has been 
shown recently by Skirm (1940). He found that doubling the ehroinosonie 
number of a hybrid Tradescantia resulted in a tetraploid with an extremely 
low frequency of quadrivalents. Here the four chromosomes sets present 
existed as two identical sets which apparently differed sufficiently from one 
another to condition synapsis almost exclusively as bivalents. In distribu- 
tion the chiasmata studied in the present plant agreed with findings for 
other autotetraploid tradescantias in being almost all (99.3 per cent) 
terminal. The distribution of chromosomes was rather irregular because of 
Amriations in quadrivalent and trivalent orientation and the random pas- 
sage of univalents to the poles. Also the amount of lagging was rather 
high. Of 263 cells counted, lagging chromosomes were present in 58, or 22.1 
per cent. 

Meiosis in the triploid hybrids Avas much more irregular than in either 
of the tAA^o parental plants. Five plants AA^ere studied in detail and the data 
(averages) on chiasma frequency and types of configurations in these are 


TABLE 1 

Pairing (n:>nfigurati(yns and chiasma freijuencies in diplokJ T. pahidosa, ietraploid 
T. eanalicidata, and triploid hybrids. 


Plant 

Num- 

ber 

of 

cells 

I 

II 

III 

IV 
(Also 
V& VI 
in 

3iPs) 

7 con- 
dgur- 
ations 
in one 
ceil 
(3n) 

Total 

Xta 

Xta 

per 

clirorno- 

some 

. Ter- 
minal 
Xta 
per 
cent 

Inter- 

stitial 

Xta 

per 

cent 

r. paludosa 

30 1 

8 

176 




440 




(2n) 

per 
cell : 

.27 

5.87 





,14.7 

1.2 

66.4 

33.6 

T. canalicU' 

85 

97 

435 

47. 

233 


1532 




lata 









99.3 

7 

(4ii) 

per 
cell : 

1.1 

5.1 

.5 

2.7 


18.0 



3ii hybrids 

307 1 

678 

712 

1104 

26 

.13 

4053 


1 


(averages 
for 5 

1 

per 
eell : 

2.2 

2.3 

3.6 



13.1 

.73 

90.1 

9.9 

plants) 












presented in table 1. The plants did not vary much in the relative number 
of univalents, biAmlents, and triAmlents per cell, or in their chiasma fre- 
quency. The average number of trivalents for the five was 3.6 per cell. 
This is considerably' less than that found in an auto triploid plant of T. 
iracteata Small AAuth a frequency of 4.64 (Sax 1937) , and is evidently related 
to the hybrid nature of these plants, since they have two sets of T. canalic- 
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idafa eliromosomes and only one of T. paludosa, Tliat all the chromosomes 
are largely homologous is shown by the observation of a niiinber of cells 
with six trivalents (fig. 1). 

Of particular interest in obtaining an estimate of the amount and nature 
of structural hybridity in these plants are the observations on unusual 
pairing configurations at metaphase. Such configurations were encountered 
only in the triploids, but this is to be expected as a result of the modified 
method of j) airing due to the presence of an extra set of chromosomes, as well 
as to their hybrid origin. Failure to observe them in the diploid and tetra- 
ploid does not x^rove the absence of the tyxies of hybridity which they indi- 
cate. The observed configurations indicate the j^resence of translocations 
between, or duplications in, non-homologous chromosomes, and duplica- 
tion in different arms of the same chromosome. It is not possible in these 
plants to distinguish between translocations and duplications since the 
observed configurations might result from either condition. The types of 
synapsis which indicate translocations and duplication are miiltivalents 
and a total of more than six distinct configurations in one cell (fig. 2). 
The majority of the multivalents are quadrivalents (fig. 3),. but occasional 
associations of five and six chromosomes have been observed. The presence 
of more than six configurations in a cell indicates intra-ha|)loid iiairing and 
shows that homologous segments are present in non-homologous chromo- 
somes. These two types of irregularties in pairing have been observed in 
approximately 12.5 j^er cent of the sporocytes examined. The evidence for 

Explanation of figures 1-12 

Configurations observed at metaphase and anaphase of meiosis in the triploid 
hybrids, x 660. Fig. 1. Cell containing six trivalents at metaphase. Fig. 2. Metaphase 
with seven x^aired configurations, indicating intra-hajiloid pairing; two univalents also 
present. Fig. 3. Quadrivalent x)airiiig at metaphase (lower left). Fig. 4. Metaphase 
showing ring of three with interstitial ehiasma (left center), indicating duplicated seg- 
ments in differing arms of the same chromosome. Fig. 5. Four inversion bridges in the 
same cell at anaphase I. Centric and acentric fragments present. Fig. 6. Bivalent with 
inversion bridge in each arm (to left) ; small acentric fragments out of focus. Also 
single bridge and acentric fragment to right. Fig. 7. Two bridges connecting all three 
chromosomes of a trivalent at anajihase. One acentric fragment in middle of cell at 
right; two centric fragments at opjiosite poles to left. Fig. 8. At left center, univalent 
bridge resulting from jirecocious division of centromere at anaxiliase I ; acentric frag- 
ment out of focus directly above bridge. Also single bridge at riglit center, and dividing 
univalent at left. Fig. 9. At lower right, loop chromatid and acentric fragment result- 
ing from single crossing-over within an inversion. Precocious division of the centromere 
of such a ehromosoine would give a univalent bridge as seen in figure 8. Fig. 10. Three 
inversion bridges having acentric fragments (indicated by arrows) all of different 
lengths. The small one on the right is apparently attached to the end of a free arm. 
Three centric fragments are also present. Fig. 11. Single bridge in cell at right at ana- 
phase II, resulting from a loop chromatid at anaphase I as seen in fig. 9. The acentric 
fragment present in the spindle was evidently included in the nucleus at anapliase I, 
Fig. 12, Bridge and acentric fragment resulting from inversion crossing-over in one of 
the small centric chromosomes often jiresent in Trade scmitia. 
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cliiplieatioiis in different arms of the same chromosome is obtained from the 
occasional observation of configurations typical of secondary trisomics (Bell- 
ing 1927). Two of these which were noted occasionally are rings of three and 
univalents paired back on themselves. In the rings of three, one chiasma was 
usually interstitial, indicating the probable interstitial position of the dupli- 
cated segment (fig. 4). These two configurations are quite rare, and have 
been found in only about 2.5 per cent of the cells examined. 

The comparative rarity of these unusual configurations shows that the 
structural changes which they indicate are relatively few and probably quite 
small. It is only the presence of unpaired regions as a result of the extra set 
in the triploid that permits detection of them. The resulting configurations 
are of interest in an interpretation of some of the aberrations noted at the 
inierospore division, which will be discussed in the second part of this study 
(op. cit.). 

Chromosome distribution at first anaphase in the triploids was quite 
irregular, as is indicated by a study of 158 cells (in two different plants) of 
which 107 (67.7 per cent) contained lagging chroniosomes. Precocious 
division of univalents occurred commonly, but no misdivision of the cen- 
tromere, as observed by Upcott (1937a) in Tulipa L. and Darlington (1939, 
1940) in Fritillaria L., was noted. 

Centric fragment chromosomes were present in all the triploids, the 
diploid, and the tetraploid. Particularly in the triploids, they were observed 
to pair with the larger chromosomes, indicating their homology with 
certain of these. 

Heterozygous Inversions. The frequency, types, and behavior of inver- 
sion bridges at both anaphases I and II were studied in the two parental 
forms and in six of the Fi hybrids. The data are presented in tables 2 and 3. 
In the diploid only single bridges Avere noted at A I (in 5.7 per cent of the 
cells). About half of the dicentric chromatids are Avithout visible acentric 
fragments, as has been noted before for inversion bridges in Tradescanfia. 
Most of the Ausible fragments are approximately spherical; tliat is, they are 
about as long as the Avidth of a meiotie chromosome arm. HoAA^eAxn*, occasional 
smaller or larger fragments are noted, indicating the presence of more than 
one inversion. Since all centromeres are approximately median, individual 
chromosomes cannot be distinguished, and it is impossible to determine 
Avhether the different inversions are in the same or in different chromosomes. 
The latter is quite probably the ease, since, although the chiasma frequency 
is high, no double bridges involving either one or both arms of a single chro- 
mosome have been observed. In the tetraploid the frequency of bridges on a 
cell basis aa^s 18.5 per cent. Six cells of 281, or 2,1 per cent, had bridges in 
tAVO different chromosomes. Here again approximately half the bridges Avere 
without fragments. In those cells AAdiere fragments Avere present these AA^ere 
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TABLE 2 


Bridges at anaphase I of meiosis in diploid, tetraploid, and fripha'ds. 


Plant 

Nmnber 
of cells 

Number of cells with different iiiiiii- 
bers of bridg-es & xiei-centage 

Total 

number 

of 

bridges 

Per cent 
bridges 


0 

1 

2 

3 

4 

T. palndosa 
■(2n) 

335 

316 

94.3 

19 

5.7 




19 

5.7 

T. canalicu- 
laia 
( 4 . 11 ) 

281 

235 

83.6 

40 

14.3 

6 

2.1 



52 

18.5 

3n liybrids 
(average pei* 
cent for 6 
plants) 

1015 

646 j 
64.7 

308 

30.8 

52 

3.65 

1 8 i 

1 .73 

1 

.15 

492 

40.9 


TABLE 3 

Bridges at anaphase II of meiosis in diploid^ tetraploid, and triploids. 


Plant 

Number of 
cells (not 
tetrads) 

Number of cells with dift'erent 
numbers of bridges & 
Xiercentages 

Total 
number of 
• bridges 

■J 

Per cent 
bridges 

0 

1 

2 

o 

T, paludosa 

194 

190 

4 



4 

2.1 

(2n) 


97.9 

2.1 





T. canalicu- 

300 

290 

9 

1 


11 1 

3.7 

lata 


96.7 

3.0 

.35 




(4n) 








3n hybrids 

1494 

1368 

120 

6 


132 

9.3 

(average jier 


91.1 

8.5 

.4 1 




cent for 6 








plants) 









almost all small, only one as long as tlie width of a chromosome arm being 
noted. This seems to indicate that most of the inversions (at least those in 
which crossing-over occurs) are close to the ends of the arms. The frequenc}^ 
of briciges observed is mneli higher than any hitherto recorded in tetraploid 
tradescantias. Darlington (1937a) states, without giving specific examples 
or figures, that bridges occur in less than one per cent of the cells of tetra- 
ploid tradescantias and are less frequent than in diploids. It is possible that 
the higher percentage found in the present plant may be related to the 
higher frequency of bh^alent pairing, although it seems more likely that such 
pairing would reduce the bridge frequency since regular pairing in small 
inversions would presumably not be facilitated. Bridges at anaphase II 
were noted in 3.7 per cent of the cells studied (7.4 per cent of the tetrads). 

The frequency of bridges in six plants of the hybrid triploid population 
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varied somewhat. However, the plants were all alike in liaving* a consider- 
ably greater frequency of bridges per cell than either of the parents. The 
higher frequency holds for both first and second anaphase, and is reflected 
in the much greater percentage of cells with more than one bridge. As many 
as four bridges in different chromosomes were observed in a single cell 
(fig. 5). Certain configurations also show that two inversions may be present 
in the same homologous chromosome. These may be in the same arm or in 
different arms. If crossing-over occurs in two heterozygous inversions located 
in opposite arms of a paired bivalent, the configuration sliown in figure 6 
will result. Similar behavior involving a trivalent instead of a bivalent 
results in a V-shaped association (fig. 7). The latter type has been observed 
several times. When two separate inversions are located in the same arm, 
complementary crossing-over in both of these results in unequal bridges with 
two acentric fragments of different lengths. Such a figure has been observed 
only once. The other possible types resulting from reciprocal and disparate 
crossing-over in the two inversions — respectively a single bridge plus an 
acentric ring and acentric fragment, and a single bridge and acentric frag- 
ment plus a very long free chromatid arm — have not been noted. These same 
types could also be produced by crossing-over in overlapping inversions (ef. 
Swanson 1940). One cell with two bridges of equal length in the same arm 
and equal acentric fragments was found. This condition is due to double 
crossing-over within a single inversion. The rarity of such eonflgurations is 
due both to the low chiasma frequency in the triploids and the probable 
short length of most of the inversions. The frequency of bridges at anaphase 
II in the triploids is also rather variable and shows no constant relation in 
individual plants to the frequency at first anaphase. As has been pointed out 
b,y Upcott (1937b) this is due to the peculiar chromosome beliavior of tri- 
ploids. Of the four factors cited in her paper as important in triploid tuii])s, 
two seem to be of particular import in triploid tradescantias : non-disjunc- 
tion, and precocious division of univalents. The ]iassage of both eentromeres 
of a dicentric chromatid to the same pole at first anaiihase may give rise to a 
bridge at the second division, or if the sei^aration is parallel the dicentric 
will be recovered in the microspore. Of the total of 430 dicentrie bridges 
observed in the five triploids studied, 30 (7.0 per cent) were passing to the 
same pole. The precocious splitting of unoriented iini\'a]ents which have 
undergone inversion crossing-over results in the occurrence of iiiiix'alent 
bridges (fig. 8). Such behavior increases the frequency of bridges at the first 
division, but since they can be recognized an idea of their frequency eau be 
obtained. In a count from plant 1, of a total of 80 bridges of all types, 7 (8.7 
per cent) were univalent bridges. This seems to indicate that the frequeiie.y 
of non-disjunction and univalent bridges is about the same. However, no 
adequate records were kept for other plants, and it is possible that the fre- 



1041] 


GILES: MEIOSIS IN TRADESCANTIA 


215 


quency of iiiiivaient bridges is too high in the sample cited. Most of the 
bridges at the second division are due to crossing-oi^er witliin and proximal 
(disparate) to an inversion. These are evident as loops attached to one 
centromere at one pole at first anaphase (hg. 9) and are observed quite often. 

The visible acentric fragments in the triploid vary a great deal in size, 
giving further evidence for the presence of numerous different inversions. 
Figure 10 shows three bridges, all having fragments of different sizes. These 
fragments rather often appear to be attached to the free arm of a clironiatid 
at anaphase (fig. 10) as has been found in Zea L. (McClintock 1938) and 
consequently may be included in the nucleus at telophase 1. Their inclusion 
is further indicated by the presence of occasional cells with fragments in the 
spindle at anaphase II (hg. 11), That only very few of these are ever in- 
eluded in the nucleus at telophase 11 will be shown later (Giles 1941). It 
has also been found that the centric fragment chromosomes in these plants 
may contain inversions in which crossing-over occurs, as has been noted b>' 
Swanson (1940) in a diploid Tradescmitia. In 299 cells of plant D a bridge 
in the fragment chromosome, usually with accompanying acentric fragment, 
was present in 26, (8.5 per cent; fig. 12). The data for the centric fragments 
are not included Avitli those for the normal chromosomes. 

Quantiicftive Estimatm of Hyhridity. In an endeavor to obtain some 
idea of the nature and amount of structural hybridity in the two species and 
in the hybrid between them, there are three methods of approach, all of 
which may be used to advantage. In the first place, by observing the pairing 
relations at metaphase we can determine if reciprocal translocations or 
duplications (at least in the triploid) are present. The evidence for these, 
i.e., the unusual configiirations in the triploids, has been discussed. It seems 
clear that duplications are present, although they are undoubtedly small 
and not very numerous. No configurations indicative of duplications have 
been noted in the diploid and tetraploid, but, as has been previously pointed 
out, it is impossible to say that none are present. It is clear that there are no 
large heterozygous reciprocal translocations in any of the plants, for tlie 
expected constant multivalent configurations are absent. 

The second and third methods are particularly concerned w^ith determin- 
ing the amount of inversion hybridity. The most obvious method is to at- 
tempt to identify at aiiapliase I of meiosis specific inversions as shown by 
their presence in particular chromosomes and by the size of the fragments 
released, since a single crossover at any point in a given inversion will 
alw’ays release a fragment of the same length. If the chromosomes are indi- 
vidually distinguishable this may be possible. When, however, they are all 
of about the same size and shape as in the present plants, the method is not 
so simple. However, it is possible to obtain a reasonably accurate estimate of 
the minimum number of inversions by taking into account the greatest 
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number of bridges noted in any one cell, as well as the sizes of the frag- 
ments present. In the diploid plant not more than one inversion bridge 
in any one cell was noted. However, the size of the fragment varies. 
Although most of the visible fragments are about as long as the width of a 
meiotie chromosome, occasional smaller or considerably longer fragments 
occur. This indicates that there are at least three different inversions present. 
In the tetraploid plant cells were observed with two inversion bridges, the 
fragments of both being about the same size. Also, as has been mentioned 
earlier, there were two classes of visible fragments. With this evidence we 
can say that at least three inversions are present in the chromosomes of the 
tetraploid. Since, however, we are dealing with four homologous chromo- 
somes in each cell, whose total pairing length is twice that of the diploids, 
this does not mean that all of the inversions are qualitatwely different; that 
is, that they involve the rearrangement of non-homologous genes. We 
actually have evidence for only two qualitatively different inverted se- 
quences, since the cells with two bridges having equal fragments may have 
resulted from crossing-over within two homologous inversions. This difficulty 
in recognizing qualitatively different inversions does not arise in the trip- 
loids in which the pairing length of the three homologous chromosomes is 
the same as in the diploid. Although it is true that some of the bridges ob- 
served in the triploids may be the result of crossing-over following chromo- 
some pairing in aberrant configurations other than heterozygous inversions, 
it is still at once obvious that we have evidence for many more inversions 
than in either of the parents. Four bridges were noted in a single cell. We 
also know that at least one chromosome has an inversion in both arms. 
Further, the occurrence of a double bridge in one arm with fragments of two 
different sizes indicates the presence of two separate iiiA^ersions in one arm 
or two homologous arms. Consequently, we are justified in assuming a 
minimum of six different inversions in the triploids. 

Obviously, the method just outlined cannot give us aii accurate measure 
of the degree of inversion hybridity, but only an idea of the minimum 
number of inversions present, A method for obtaining a general quantita- 
tive estimate of the total amount of inversion hybridity is that suggested by 
Darlington (1937b) and termed a of hybridity. This value is 

obtained by adding together the frequencies of inversion bridges per pollen 
mother cell and dividing by the average chiasma frequeney per cell. It is 
also necessary in calculating the frequenc}" of bridges to count all double 
bridges at the first division which result from crossing-over within the same 
inversion as six instead of two, since, as Darlington points out, these are the 
result of complementary crossing-over and presumably represent equal 
numbers of reciprocal crossovers which will not give bridges and disparate 
crossovers which give only one bridge instead of two. In the present plants, 



1941] 


GILES: MEIOSIS IN TEADESCANTIA 


217 


however, we need not consider this latter point, since the only ease of double 
crossing-over within an inversion was on a slide not iiieliided in the data 
presented. 

The result of these calculations for the present group of plants is indi- 
cated ill table 4. As was pointed out, the frequency of bridges is that ob- 
served per pollen mother cell, not per cell. Consequently, the values for the 
percentages of bridges at anaphase II in table 4 are twice those in table 3. 

TABLE 4 

Comparative 'bridge frequencies at anaphase I and IT. of meiosis in diploid and tetra- 
ploid tradescantias and triploid hybrids betiveen them. Calculation of coefficient of 
hybridity for inversions. 


Species 

Bridges 

A I 

Bridges 

All 

Total 
bridges 
(Inversion 
C.O. fre- 
quency) 

Average 
Xta per 
cell 

Coefficient 
of inversion 
liyclridity 
(cell basis) 

Corrected 
to chromo- 
some basis 

T. paludosa 

(2ii) 

.057 

.042 

.099 

14.7 

.0067 

.0067 

T. canalicu- 
lata 
(4ii) 

.185 

.074 

.259 

18.0 

.0144 

.0072 

3ii hybrids 
(average of 

6 plants) 

.409 

.186 

.595 

13.1 

.0454 

.0302 


Before considering the results obtained, let us first examine the limita- 
tions of this method as applied to the jiresent case. Actually the method as 
outlined is generally applicable only to diploids with a random distribution 
of chiasmata. Consequently, we are immediately faced with two difficulties, 
since we are studying triploids and a tetraploid as well as a diploid, and, 
further, since there is some evidence that crossing-over in diploid trades- 
eantias may be restricted in regions of the chromosomes adjacent to the 
centromeres. 

In order to compare the relative amounts of inversion hybridity in the 
chromosomes of the diploid and the tetraploid, it is clear that the percentage 
of bridges should be given on the basis of chromosomes rather than cells. 
Consequently, we must divide the total percentage of bridges in the tetra- 
ploid by two. A further difficulty arises because each chromosome is repre- 
sented four times in the cells of the tetraploid and consequently the pairing 
length of homologous chromosomes is potentially twice as great in the tetra- 
ploid as in the diploid. For any four homologous chromosomes the gene se- 
quence limy be the same in all four, or different in one, two, or three. 'When 
the sequence in one of the chromosomes differs from that in the other three, 
the result of crossing-over will be the same as that in the diploid, unless the 
chromosome having the inverted sequence fails to pair, in which ease the 
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bridge frequency would be reduced. The same coiiditions would hold when 
three chromosomes have an inverted sequence and one is normal. The condi- 
tion which might produce a considerable difference in bridge frequency in 
the tetraploid as compared to the diploid is that in which two of tlie chromo- 
somes have a normal and two an inverted sequence. In such a case prefer- 
ential pairing between chromosomes having similar sequences may occur, 
which would reduce the frequency of inversion bridges. However, pairing 
among the four chromosomes may also be at random. If this occurs, inver- 
sion pairing will be present in only four out of the six possible associations. 
However, in a diploid with a corresponding degree of inversion hybrid ity, 
that is, one inversion in one homologous pair, there is no possibility under 
normal pairing conditions of non-inversion pairing. In ('onsequence, under 
such circumstances (when there are two identical inverted sequences in two 
of the four homologous chromosomes) the observed bridge frequency in the 
tetraploid should be increased by 33 per cent in order to correct for tliis 
reduction in bridge frequency due to the type of pairing. It is not possible 
to ascertain, however, ho\v often when two bridges occur in one cell we are 
dealing with such identical inverted sequences in homologous chroniosonies. 
It is probable that the fraction would be a rather small one. At any rate 
these considerations, and those pointed out earlier, indicate that the amount 
of hybridity as indicated by the percentage of bridges in tlie tetraploid is 
certainly a minimum estimate. 

In comparing the data for the diploids and tri])loids certain corrections 
must also be made. Here again the comparison should be made on the basis 
of chromosomes rather than of cells. To do this the observed ];)erceutage of 
bridges must be divided b.y 1.5 since one bridge represents one inverted 
sequence in 18 chromosomes in the triploid as compared witli one in 12 chro- 
mosomes in the diploid. The linear order of the homologous sequence in the 
extra chromosome in the triploid makes no difference siiiee it iiiust lie similar 
to that of one of the other two chromosomes and the percentage of iiuursion 
hybridity remains the same in either case. This is true provided tlie three 
chromosomes do not differ by inversions involving different breakage points 
wdthin the same region. Since most of the inversions appear to be small ones, 
this |)ossibility seems rather unlikely, but it cannot be excluded. The possi- 
bility of preferential pairing must also be considered in the triploid. This 
is especially true in the present plants since we are dealing witli wliat are 
basically allopolyploids, having two sets of chromosomes from T\ canalicu- 
lata and one from T. paludosa. However, the evidence from metaphase pair- 
ing indicates that all three sets are largely homologous, since the behavior is 
that of autopolyploids wdth somew'hat reduced trivalent formation. In trip- 
loid Drosop/ifhi melanogaster females heterozygous for one inversion, tlie 
evidence indicates that the two normal chromosomes conjugate and pass to 
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opposite poles more often than would be expected on random distribution, 
sug'gesting that pairing of the chromosome having the inversion is reduced 
(Stiirtevant 1931). In TradescanMa, however, since the evidence indicates 
that crossing-over in diploids may be largely restricted to the distal regions 
of the chromosomes, the presence of an extra chromosome, even one contain- 
ing an inversion, would presumably facilitate the association of most of the 
regions in the chromosome. This should increase the amount of inversion 
crossing-over, especiall.y if any inversions are located in the regions proximal 
to the centromere, as recent evidence indicates (Swanson 1940). To believe, 
however, that the great increase in frequency of bridges in the triploid 
hybrid plants is due entirei^^ to the type of pairing does not seem warranted. 
Evidence as to how- much the type of pairing in the triploid may be respon- 
sible for this increase is obtained from the results on an autotriploid T. 
~bracieata (Sax 1937). Here the frequency of bridges at A I was only 16.3 
per cent. No data are presented for A II. Since in the autotriploid we have 
tivo sets ■which are identical or nearly so, we should expect the bridge fre- 
quency to be even less than in the diploids. If inversion crossing-over coeffi- 
cients for this i)lant (for A I) and the average diploid (with approximately 
5 per cent bridges) are calculated, the triploid value is approximately three 
times that of the diploid. In hybrid triploids, however, this increase is about 
seven times that of the diploid. This must indicate that a considerable part 
of the increased bridge frequency of the hybrids is due, not to the type of 
pairing, but to a greater amount of structural hybridity, as w^oiild be the 
case if the sequences contributed by the parents are different. Since the per- 
centage of interstitial chiasmata in the diploid is considerably higher than 
the average for the triploids and also for the tetraploid (table 1), the calcu- 
lated inversion hybridity coefficient for this plant should tend to be higher 
than those for both of the tetraploid and the triploids if inversions are more 
common in the regions proximal to the centromere (cf. Swanson 1940). It 
is also true that other anomalous types of pairing in the triploids, such as 
iiitra-haploid pairing between relatively inverted segments, may lead to the 
formation of bridges, and this is another reason why the coefficient of inver- 
sion h^ffiridity for the triploids does not have the same validity for compara- 
tive purposes as it does for diploids. 

As a result of the above considerations, it seems clear that, although the 
method of calculating coefficients of hybridity for inversions cannot be 
applied without considerable modification to the comparison of different 
species of tradescantias in which polyploidy is present, it does permit certain 
conclusions. These are that the amount of inversion hybridity is least in the 
diploid T. pahidosa and somewhat higher in the tetraploid T. canalimdata 
used in this study. Furthermore, it seems clear that the gene sequences of 
homologous chromosomes within each of the plants of the two species studied 
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resemble each other more than do the sequences of homologous chromosomes 
of their hybrid. In other words, in this ease the difterenee in gene sequences 
is less within an individual of one species than between individuals of two 
different species. 

SUMMARY 

A comparative study has been made of the behavior at meiosis of the 
chromosomes in a diploid Tradesccmtia paludosa, an autotetraploid T. 
canaliculata, and in a number of the triploid hybrids resulting from a cross 
of these two plants. Certain configurations observed in the triploids, though 
comparatively rare, indicate the presence of small translocations between, 
or duplications in, non-homologous chromosomes, and duxilicatioii in differ- 
ent arms of the same chromosome. These configurations have not been ob- 
served in the diploid or in the tetraploid, but their absence in these plants 
does not prove the complete absence of the types of hybridity which they 
indicate. There was no evidence of large heterozygous reciprocal transloca- 
tions in any of the plants examined. Heterozygous inversions, as indicated 
by the presence of dicentric bridges and acentric fragments, were present in 
all the plants studied. The types of bridges and their frequencies in the 
different plants are described. The various difficulties encountered in making 
a quantitative estimate of inversion hybridity for comparative purposes in 
these plants, particularly in the triploids and the tetraploid, are discussed. 
It is concluded that on a chromosomal basis inversion hybridity in the par- 
ticular plants used in this study is least in the diploid T. paludosay some- 
what greater in the tetraploid T. canalicnlata^ and considerably higher in 
the triploid hybrids between them, indicating that in this case the differences 
in the linear order of gene sequences of homologous ehromosomes are less 
within an individual of one species than between individuals of two different 
species. 

This work was done under the supervision of Professor Karl Sax, whom 
the author wishes to thank for his advice and criticisms. 

Biological Laboratories, Harvard University 
Cambridge, Massachusetts 
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FACTOR Z IN HYBRID MAIZE’ 

William J. Bobbins 
(with three figures) 

In an earlier paper (3) it was reported that extracts of the partially ger- 
minated grains of a hybrid corn had per embryo, per endosperm or per 
grain a greater growth-promoting effect upon Phycomyces in a solution of 
minerals, sugar, asparagine and thiamin than those of either of the inbred 
parents. The growth-promoting effect was ascribed to the presence of an 
unidentified growth substance called, for convenience, factor Z. The present 
paper reports the results for extracts of grains of another set of inbred maize 
and the Fi offspring. 

METHODS AND MATERIALS 

The grains used were kindly supplied by Dr. Frederick D. Richey. Ac- 
cording to Richey 4~8 is an inbred of some 20 years that is used in a number 
of corn belt hybrids ; 187 is also so used and has been selfed for some 14 years. 
The cross between them (either way) is the seed parent for United States 
hybrid 44^ which has had an excellent record in Iowa, Illinois, Indiana, and 
Ohio. The two hybrids were 985, a cross of 4-8 x 187, and 995, a cross of 
187x 4-8. The grains were of the 1939 crop and the experiments reported 
here were performed in March and April, 1940. 

The growth-promoting properties were determined by extracting the 
grains with 5 per cent aqueous pyridine. The pyridine extracts were evap- 
orated nearly to dryness and the residue taken up in distilled water. Aliquots 
of the extracts were added to a solution of minerals, sugar, asparagine, and 
thiamin and the mycelial growth of Phycomyces was determined for a 
72-hour period at 25® C. 

The basic solution, solution I, contained per liter 50 g. dextrose, 1.5 g. 
KH 2 PO 4 , 0.5 g. MgS 04 * 7 H 2 O, 0.5 mg. thiamin, and asparagine as indi- 
cated. The following trace elements also were added in p.p.m., 0.005 B, 
0.02 Cii, 0.1 Fe, 0.01 Ga, 0.01 Mn, 0.01 Mo, and 0.09 Zn. 

Pyrex glass cleaned with chromic acid cleaning mixture and thoroughly 
rinsed with tap water and distilled water was used throughout. The dextrose 
was Corn Products Company C.P. ; the asparagine was purified by crystal- 
lization from alcohol, the thiamin was Merckxs synthetic. Other chemicals 
were of the usual C.P. grade. The plus strain of Phycomyces ATaAx’sJceaniis 
was used. Dry weights of the fungus were determined by filtering the m.yce- 
lium into Gooch crucibles, washing with distilled water and drying at 100® C. 

1 Assistance in this work was furnished hj the personnel of Works Projects Adminis- 
tration Othcial Project 65-l'“97~23 W. P. 5. 
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EXPERIMENTS 

Experiment 1. Twenty grains of eaeli line were placed at 25"^ C. in a 
Petri disii with 8 ml. of water. The air-dry weight of each lot of grains was as 
follows : d-8, 4.725 g. ; 187, 5.775 g. ; 985, 4.450 g, ; 995, 4.350 g. After 24 
hours each lot of grains was separated into embryos and endosperms. The 
embryos of each lot were ground in a mortar, as were the endosperms also, 
and extracted for 24 hours with 50 ml. of 5 per cent aqueous pyridine. The 
liquid was centrifuged from the solid material and evaporated nearly to 
dryness on a hot plate. Each extract was made up to 20 nil. with distilled 
water. One ml. of the final solution was equiimlent to the extract of a single 
embryo or of a single endosperm. 



0.5 1.0 2.0 

ML. CORN EMBRYO EXTRACT 

Pig. 1. Increase in dry weight of Fliy corny ces produced hr extracts of embryos of 
maize grains germinated 24 hours. Extracts added to medium of sugar, minerals, aspara- 
gine and thiamin. A-line 4-8, Byline 187, G = 98J), 4—8x 187, 0 = 995, 187x4-8. 1 ml. 
extract = 1 embryo. 

The growth-promoting power of each of the 8 extracts was determined 
by adding aliquots to 25 ml. of solution I containing 2 g. of asparagine per 
liter. The solutions were inoculated with the spores of Phycomyces and 
incubated at 25° C. The experiment "was performed in duplicate. The dry 
weight of the mycelium produced was determined (table 1) at the end of 72 
hours. For constructing the curves in figures 1, 2, and 3 the increase in dry 
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ML. CORN ENDOSPERM EXTRACT 

Fig. 2. Increase in dry weiglit of Phycomyces produced by extracts of endosperm of 
maize grains germinated 24 hours. Extracts added to medium of sugar, minerals, aspara- 
gine and thiamin. A = line 4-8; Byline 187; C = 98o, 4.-8x187; D~99S, 187x4-8. 1 ml. 
extract = 1 endosperm. 

TABLE 1 

(xroivfh-promo^^ effect of exiractti of embryo and endosperm of inbred maize and 
their hybrids upon groivth of Phycomyces in a solution of niineralSf sugar, asparagine, 


and thiamin. Grains 

were geroninated for £4 hours. 



Quant i t y o f ex tract 

1 

1 

Dry \vt. mycelium in 2 flasks mg. 


added per 25 ml. 
basic medium 

4-8 

187 

i 

!i8r>, 

4-8 X 187 

995, 

187x4-8 

Em].)ryo 

0.5 grain 

\ 

i 7.3 

^ 8.2 

1 30.7 

17.1 

1.0 grain 

10.4 . 

11.9 

1 34.3 

35.4 

2.0 grains 

1 15.2 

14.8 

; 62.6 

68.9- 

None 

1 5.1 

5.1 

0.1 

5.1 

Endosperm 

1 




0.5 grain 

1 10.4 

6.7 

! 41.5 

15.8 

1.0 grain 

16.2 1 

1 32.1 

1 38.7 

38.2 

2.0 grains 

19.0 

I 42.S 

i 70.6 . 

72.3 

None 

5.1 

' 5.1 

1 ■ 5.1 ; 

5.1 

Net embryo and 



' i 


endosperm 



1 


0.5 grain 

7.5 

6.7 

41.5 ' 

15.8 

1.0 grain 

16.3 

32.1 

38.7 

38.2 

2.0 grains 

19.0 

42.8 

70.6 

72.3 
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weight of the in^'celiuin eatised by the extracts was used ; the dry weight of 
the niycelium in the solution with no extract was subtracted in each instance 
from that obtained in the same medium to which the given quantity of ex- 
tract had been added. All the extracts increased the growth of Fhycomyces 
in the presence of thiamin; those of the endosperms were more beneficial 
than those of the embryos. The difference between the effectiveness of endo- 



ML. CORN GRAIN EXTRACT 

Fig. 3. Increase hi dry weiglit of Thy corny ces produced by extracts of air dry grains 
of maize. Extracts added to medium of sugar, minerals, asparagine and tliiamin. A ^ line 
4-8; B = line 1S7 ; C = &85, 4-8 x 187; D = 995, 187 x 4-8. 1 ml. extract = 1 grain. 

sperm and embrj'o extracts Avas greater for the inbred parents than for the 
Fi hybrids (table 1). 

It AA^as found earlier (3) that the amount of factor Z increased Avith the 
length of the germination period, at least up to 3 days. It Avas thought de- 
sirable to determine Avhether this increase aa^s associated Avith the normal 
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germination processes or whether it was aceountecl for h}" digestion caused 
by the enzymes of the grain. This was investigated by comparing the growth 
promoting properties of extracts of dry grains and of grains which had 
been permitted to aiitolyze in the presence of toluene. 

Experiment 2. Twenty grains of each line were placed in 125 ml. stop- 
pered Brlenmeyer flasks with 8 ml. of distilled water and 0.5 ml. of toluene. 
The air dry weights of the several lots of grains were as follows : i-d, 4.900 
g. ; 187y 5.775 g. ; .985, 4.750 g. ; 995, 4,775 g. After 3 days at about 20° C. the 
grains had swollen materially and softened. They were removed, ground in 
a mortar and extracted for 24 hours with 50 ml. of 5 per cent aqueous 
pyridine. 

At the same time another lot of 20 grains of each line was selected. The 
air dry weights were as follows: 4-8, 4.925 g. ; 187, 5.875 g. ; 985, 4.700 g. ; 
995, 4.875 g. These were cruvshed and ground without the addition of water 
or toluene and extracted with 50 mi. of 5 per cent aqueous pyridine. 

The liquid from each of the 8 lots of corn grains was separated from the 
solid material by centrifuging and the extract evaporated on a hot plate 
nearly to dr,yness. This removed the pyridine and the toluene. Tlie extract 
of each lot of grain was made up to 20 ml. Avith distilled Avater, One ml. of 
the final solution aauis equivalent to the extract of 1 grain. 

The effect of the 8 extracts upon the groAvth of Fhycomyces in the pres- 
ence of thiamin Avas determined. The extract of 1, 0.5, or 0.25 grain aauis 
added to 25 ml. of solution I containing 2 g. asparagine per liter. The ex- 
periment Avas performed in duplicate. The flasks AA^ere inoculated AAutli the 
spores of Phyconiyees and the dry AA^eight of the mycelium aauis determined 
after 72 hours incubation at 25° C. (table 2). The dry AA^ights of mycelium 

TABLE 2 


(rrowth-promoting effect of extracts of grains of inhred maixe and tiielr lighrids 
upon growth of Phyconiyees in a solution of minerals, sugar, asparagine, and thiamm. 
Above, extracts of autolysed grams; below; extracts of dry grains. 


Quantity of extract 

Net dry wt. mycelium in 2 flasks mg. 

added per 25 ml. 
basic medium 

4~8 

187 

OSo, 

4-^8 X 187 

! 89 d, 

1 I S7 '< i—8 

Autolyzed grains 

1 grain 

70.2 

75.4 

86.1 

81.8 

0.5 grain 

59.9 

51.2 

60.4 

65.6 

0.25 grain 

33.5 : 

; 41.7 : 

52.8 

1 52.9 

Dry grains 




1 

1 grain 

54.1 

60.2 

^ 94.1 

1 ■ 98.9 

0.5 grain i 

40.9 

31.5 1 

99.8 

83.7 

0.25 grain 

! 33.9 ■■ ; 

21,8 ! 

! 

61.5 

55.5 

None 

10.5 i 

10.5 1 

10.5 

! 10.5 
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grown in the presence of the extracts were expressed as the difference be- 
tween the weights obtained in solutions with extract and that in solutions 
with no extract added. For example, the dry weight with the extract of 1 
grain of the autolyzed 4-8 line was 80.7 mg. ; in the check solution 10.5 mg. of 
iiiYceliiim were obtained ; the net dry weight was 70.2 mg. 

The extracts of the dry grains of the hybrids were more effective tlian 
those of either parent (fig. 3). Antotysis increased the potency of the ex- 
tracts of the parents but decreased that of the extracts of the hybrids. Since 
the effects of the extracts of the autolyzed grains were not greater for all 4 
lines than those of the grains which were not autolyzed it would seem that 
the increase in factor Z with germination ivas not merely caused by enzy- 
inatie action but ivas associated with the normal processes of germination. 

The dry weights of mycelium obtained with extracts of the dry grains in 
experiment 2 were greater than those obtained in experiment 1 with grains 
germinated for 24 hours. This difference is not believed to be significant, 
because of the influence of differences in the quantity of inoculum and other 
factors whieh can be made uniform for a particular experiment but cannot 
be controlled from experiment to experiment. Furthermore extracts of whole 
grains were used in experiment 2 while the embryo and endosperm were 
separately extracted in experiment 1. 

DISCUSSION 

The results of these experiments confirm earlier findings (3) with an- 
other set of inbred maize and their Fi heterotic hybrid but leave many ques- 
tions unanswered. 

Will other heterotic maize hybrids resemble those which I have investi- 
gated? How would the extracts of non-heterotic maize hybrids influence the 
growth of Phycomyces as compared with those of their inbred parents? There 
are also instances of ''negative heterosis'’ which might be investigated. I 
have expressed the results in terms of a single embryo, endosperm, or 
grain. Would similar results be found per gram of material extracted? 
Would extracts of the grown plants of maize inbreds and their Fi hybrids 
differ in their effects upon Phycomyces as those of the grains and seedlings 
apparently do or are the differences described in this paper and an earlier 
one limited to the seedling stages only? Would the extracts of heterotic 
hybrids of plants other than maize d&eoX Phycomyces as those of maize do? 
To what may the beneficial effects of the corn extracts on the development 
of Phycomyces be ascribed? The causes for the favorable action of plant 
extracts upon Phycomyces have been discussed at length elsewhere (1, 2, 4) 
and it seemed probable that unidentified growth substances, called factor Z, 
were concerned. Robbins and Hamner (5) presented evidence that factor Z 
is multiple, consisting of at least two parts, factor Zi and factor Zg. Are both 
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factors coneeriiecl in the effects of the corn grain extracts used in this investi- 
gation! Is the favorable action due to the addition of organic acids, to 
changes in hydrogen-ion concentration, to changes in the aniount of propor- 
tions of minerals, to additions of amino acids, or to some other well known 
substances rather than unidentified growth substances as we have been 
inclined to believe ! 

There are many difficulties in interpreting tlie effects of plant extracts 
upon growth because such extracts are mixtures of many organic and inor- 
ganic substances, some benefieial, some detrimental, and others ineffective. 
Until the substances concerned in such an effect as that described in this 
paper are available in pure form conclusions must be tentative and used 
primarily as the basis for further experimentation. 

SUMMARY 

Extracts of the grains of two inbred strains of maize and their heterotic 
El hybrids were found to increase the early growth of Phycomyees in solu- 
tions of sugar, minerals, asparagine, and thiamin. The extracts of the hy- 
brid grains produced a greater effect per grain, per embryo, and per endo- 
sperm than those of either of the parents. The effect of extracts of autolyzed 
grains differed somewhat from those which were allowed to germinate for 
24 hours. 

New York Botanical Garden 

AND 

Department op Botany 
Columbia University 
New York, New York 
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THE DEVELOPMENT OF THE EMBRYO SAC IN 
AGAVE VIRGINICA 


Lorraine Regen 
(with fourteen figures) 

The vast majority of Angiosperms in whieii the development of the 
inaerogametophyte has been studied are characterized b,y an embryo sac of 
the ‘^normal’’ type, which is 8-niicleate at matiirity, and formed from a 
single macrospore imcleiis in consequence of three nuclear divisions 
(Maheshwari, 1937). Until recently, Liliiim has been used as the customary 
material for the demonstration of embryo sac development to students of 
elementary botany. It has been shown, however, by Bambacioni (1928, 
1932) and Cooper (1934, 1935) that the eight nuclei of the mature embryo 
sac of Liliuni are derived from four macrospore nuclei rather than one, 
and that this 8-nucleate stage is separated from the macrospore nuclei by 
only two nuclear divisions rather than three. Hence the development of the 
embryo sac in Liliiim does not conform to the ‘'normal’^ type, but is referred 
to the so-called ^^Fritillaria” type of Maheshwari (1937). 

Several years ago, Dr. Harold C. Bold became interested in attempting 
to find other favorable material to demonstrate the ^^norinaU^ type of 
embryo sac development, and suggested that Agave virginica L. (Amaryl- 
lidaceae, subfamily Agavoideae) might prove suitable for this purpose. 
Apparently the only previous cytological work dealing with embryo sac 
development in this genus is that of Schlimbach (1924), on Agave elilora- 
cantka and A. attenuata, as well as several other representatives of the 
Amaryllidaceae. This worker concluded that embryo sac development pro- 
ceeded according to the ^'normaU’ type in species whose ovules are sur- 
rounded by two integuments, but that development of species with one 
integument was of the ‘‘Lilium'’ type (as it was understood at that time, 
now called the ‘^Adoxa” type). 

MATERIALS AND METHODS 

The inflorescence of A. virginica is a panicle or compound raceme, in 
which many flowers are borne in acropetal succession. It was very easy, 
therefore, to secure numerous flower buds in all stages of development. 
The material on which the present study is based was collected by Dr. 
Harold C. Bold near Knoxville, Tenn., in the summer of 1938, and fixed in 
a modified Bonin’s solution called Allen’s B— 15.^ After washing, the mate- 
rial was dehydrated in an alcohol series, cleared in xylol, and, following 
infiltration, was embedded in paraffin. Sections were cut at a thickness of 


1 This formula is given by MeCluiig (1929). 
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10 |J and 15 P, stained with Heideiiliaiii ’s iron aliini hematoxjdin, and 
eoiinterstained with fast green. 


OBSERVATIONS 

The flowers of A. virgimea have an inferior ovary, as is characteristic 
of the family Amaryilidaceae. In each of the three loenles of the ovai*}^ are 
borne two rows of ovules with axile placentatioii ; the ovules themselves are 
anatropous. Certain cells of the ovary wall are conspicuous because they 
contain groups of calcium oxalate crystals of the i*aphides type. 

The outer integument of the ovule is from one to three cells thicker than 
the inner integument, which is usually two cells thick. Within the nucelliis, 
the primary archesporial cell or macrospore mother cell, hypodermal in 
position, is distinguished from the surrounding cells by its larger size 
(fig. 1). During the prophases of the heterotypic division the ehromatic 
strands are first evenly distributed throughout the large nucleus, later aggre- 
gated in a dense netted mass toward one side. The nucleus generally con- 
tains a single large nucleolus, but occasionally there are two nucleoli i}dng 
close together. As the chromosomes take definite shape, they become dis- 
tributed around the periphery of the large prophase nucleus. 

Following the nietaphase (fig. 2) and telophase (fig. 3) of the hetero- 
typic division, a cell wall is formed separating the two cells of the dyad 
(fig. 4). The succeeding hoinoeotypic division, of which a telophase stage 
is shown in figure 5, is also followed by wall formation so as to delimit tlie 
four macrospores. 

The arrangement of the macrospores in the tetrad is either of the linear 
type (fig. 6) or the T-shaped type (fig. 7). In several ovules a row of 
three reproductive cells was observed with no fourth cell in tlie adjacent 
sections; this is possibly to be interpreted as comprising two macrospores 
and an undivided cell of the dyad. 

In ever,y case observed, it is the chalazal macrospore which develops 
into the embryo sac (fig. 8). The densely staining remnaiits of the three 
disintegrating macrospores may be seen at the micropylar end of the 
enlarging gametophyte as late as the four-nucleate stage (fig. 10). 

The nucleus of the chalazal macrospore divides to form a two-nucleate 
embryo sac (fig. 9). These two daughter nuclei then divide again, forming 
a four-nucleate macrogametophyte (fig. 10). With the final division of each 
of these four nuclei, the embryo sac becomes eight-nucleate (fig. 12). At 
this stage three antipodal cells are formed at the chalazal end of the einbryo 
sac (fig. 11-13), two synergids and an egg cell are formed in the micro- 
pylar end (fig. 12-13), and the two polar nuclei migrate toward the center 
of the embryo sac (fig. 12). 

Certain nuclear changes wdthin the embryo sac may occur before fer- 
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Fig. 1. Early propliase of heterotypic division in the iiuicrospore mother cell, x 320. 
Fig. 2. Metaphase of heterotypic division, x 340. Fig. 3. Telophase of heterotypic division. 
X 260. Fig. 4. Dyad formed after heterotypic division, x 340. Fig. 5. Late telophase of 
honieotypie division. X 300. 
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tetrad of macrospores. x 340. Fig. 8. Developing chalazal macrospore with two degenerat- 
ing macrospores. x 250. Fig. 9. Two-nncleate emhrj'o sac. x 200. Fig. 10. Embryo sac at 
four-nucleate stage, with persistent remnants of three disintegrated macrospores. x 200. 
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Fig. 11. Nearly, mature embiyo sac with egg cell, two degenerating synergids, two 
polar nnelei, and three antipodals, x 200. Fig. 12. Eight-nucleate embryo sac of ^ ^ normal ^ ’ 
type. x 200. Fig. 13. Embryo sac showing primary endosperm nucleus, x 200. Fig. 14. 
Composite drawing from several adjacent sections, showing endosperm in free-nueleai 
condition. X 200. 
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discussion 

Maerosporogenesis and embryo sac development in A. virgtmca o±‘ the 
“normal” type, as described by Maheshwari (1937). In this respect, a _ 
£ the f?e;-uucle.r uhture of the youu. eudoopenu, X ..r„ 
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o(( itateitorthe “norut.1” type of embryo sac development nr the 
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rdaptlwe heeam^ of the large slae of the nuele. and the embryo s.e rtselt. 
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MeKelvey and Sax (1933) and AYliitaker (1934) liave siig’g'ested tliat 
Agave, Fourcroya^ Polyanthes^ and Besckorneria of the Amaryll idaeeae 
represent the epig'ynoiis counterparts of the hypogynous Liliaceae Yucca^ 
Hesperoyucca, Hesperaloe^ Cleistoymca, and Sam/uela. This suggestion is 
based on the fact that all of these genera have an identical haploid chronio- 
soine coniplement consisting of five large and twenty-five small clironiosom.es. 
The present work, showing that Agave is like Yucca (Wolf 1940, et al.) in 
having a ‘'normal” type of embryo sac, would tend to strengthen this point 
of view. 

SUMMARY 

In Agave virginica L. the macrospore mother cell forms four macro- 
spores, which may have either a linear or a "T-shaped” arrangement. The 
chalazal inacrospore, by three nnelear divisions, forms an embryo sac of 
the "normal” eight-nncleate ti'pe, Avhich becomes seven-nucleate following 
the fusion of the two polar nuclei to form the primary endosperm nucleus. 
Both tlie synergids and the antipodals may degenerate before fertilization. 
Endosperm formation is free-nuclear, and may proceed to a considerable 
extent before development of the embryo has begun. Degeneration of the 
embryo sac and nucelliis in unfertilized ovules has been observed. 

The author wishes to express her sincere thanks to Dr. Harold C. Bold 
for suggesting the problem and supervising the early stages of this work, 
and to Dr. Fred T. Wolf for his assistance in the preparation, of the draw- 
ings and the maiiuscript. 

Department op Biology 
A^'anderbilt University 
Nashville, Tennessee 
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SUPPLEMENTARY NOTES ON AMERICAN 
MENISPERMACEAE 


B. A. Krukofp and H. N. Moldenke 

Considerable progress lias been made recently in the clieinical studies of 
the alkaloids derived from certain members of the Menispermaceae (3) and 
ill the studies of botanical components of various Curare (1, 2, 6, 7). In con- 
nection with this continuous interest in Curare, a number of nienisperm- 
aceous specimens have been received for identification which extend our 
knowledge of certain species. Extensions of ranges are noted for a number 
of species and one species is described as new. It is satisfactory that, although 
a considerable number of specimens has been examined, no changes in nonien- 
clature appear to be necessary at the present time. 

The species are arranged in the same order and the place of deposit of 
specimens is shown by the same abbreviations as in our previous papers 
(4, 5). The following new abbreviations are used: 

A : Arnold Arboretum, Harvard University. 

D : Academy of Natural Sciences, Philadelphia. 

E : Missouri Botanical Garden, St. Louis. 

]Mi : University of Michigan, Ann Arbor. 

CHONDODENDRON RlUZ & PaVOIl 

1. CiiONDODENDRON MiCROPiiYLLUM (Eiclil.) Moldeiike. Additional speci- 
mens examined : Brazil — bahia : Blanchet 1594 (F), 3178a (F), s.n, (F) . 

2. CHONDODENDRON PLATiPHYLLUM (A. St. Hil.) Miers. Additional speci- 
mens examined: Brazil — rio de Janeiro: St. Hilaire s.n. (Macbride photo 
34501; type coll, of CoccuUis f cinerascens) (F — photo), state undeter- 
mined: Martius 510 (Macbride photo 19125; type coll, of C. aemulum) (E, 
F, G — photo). BAHIA: Lusclinatli or Lhotsky 173 (E). 

In his recent paper (3, p. 737) dealing with the alkaloids of ChondO’ 
dendron spp. Dr. King states : ^‘The aim of this investigation was the deter- 
mination of the botanical source of the substance known in pharmacy as 
radix pareirae bravae^ since its alkaloids are related to the phenolic alkaloids 
of tube- and pot-curare. This object has been attained. When pareira brava 
yields 1-bebeerine it comes from Chondodendron plalypkyllum and when it 
yields d-bebeerine from Ch. microphyllum.^’ In another place in the same 
paper (3, p. 739) he states: ^^Chondodendron platyphyllnm and micro- 
phylliim are two species whose taxonomical characters are very close, but 
chemical examination shows a clear distinction. Since it is unlikely that 
native plant collectors could distinguish these species and there is no appar- 
ent difference in the pharmacognostical characters of their roots, it seems 
cd ear that pareira brava has originated in the past in these two species.^’ 
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3. Chondodendron ^ Rjo Hiialiasi’a, King 4041 (B, P, G, 

amined: Peru— san martin: ‘’os^qo- tvpe coll, of G. cretosmn and 
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(G — photo of type). r"Rn<=ihv^ Moldeiike. Additional 

6. Chondodendron f , 0 E . WhUel 812 

specimens examined : BopmA-PA PX^: to m of too Ben., U. B 

(t.vpe coll, of /Unite !)o!im«») (&, » ' >, Knitoit & Moldente, Addi- 

7. CHOnDODEKDRON ™f 'S^f ’ plsi’, „{ Kio Hnallasfa, Killip d- 

Se^'on: of k pteiteiite....) 

piioto). sciadotbnia Miers 

'"f 'SCIAD0TP».A PARAiiNSB (EicMO DiclS. 

ined: Brazil-par.^ : Martins s.n. (Maebnde photo 19124) (G-photo 

3.' Sctadotenia SOLIMOESANA Moldenke. 858^^^ 

BRAziid-AAiAZONAS: basin of Rio Solimoes, Krukoff 82io (A), 806.1 1^1 

“Tsciapopenia BioHLEMAm lloldeuto. 

Brazil — amazonas: basin of Ivio Solimoes, Kniloff 8 ^/J ^ .1 ? 

''“t^&iDOTEmA eamiflora Eichl. Additioiia.l specimens examined: Peiw 
-LORETO : basin of Rio Hiiallaga, Poeppicj2271 (Maebnde photo 4986) (G 
nhoto of type) : basin of Rio Amazonas, King 1299 ( \\ ) • 

7 SCIADOTENIA DucKEi Moldeiike. Additional specimens examined: 

Braziwmazonas: Rwefte 405 (A— isotype, P—isotype). _ 

8 SCIADOTENIA AMAZONicA Bichl. Additional specimens examined : Brazil 
-AMAY/CNfs . Martins s.n. (Maebride photo 19126) (G-photo of type)_. 

9 SCIADOTENIA cAYENNENSis Benth. Additional Specimens examined: 

French Guiana: Collector British Gi.uana-e.se- 

QUIBO: basin of Takutu River, A. C. Smith o581 (E). 

Dr. Smith gives the following notes : “Slender liana ; fruit often on stein 
near base, the leaves above; fruit orange, at length deep piuide.” The collec- 
tion is the first known record of the species from British Guiana. 
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10. SciADOTENiA BRACHYPODA Diels. AclditioBal speeimeiis exainiiied : 
Brazil — aaiazonas: basin of Rio Jiirna, Krukoff 5096 (A, Mi, W) ; basin of 
Rio J^iiins Goeldi 3934 (Maebride photo 4984) (G — photo of isotype). 

11 S( lADOTENiA siMiLis Moldeiike. Additional specimens examined : 
Brazil — aaiazonas: basin of Rio Neg-ro, Krukoff 8020 (A — isotype). 

ANOMOSPERMUM Miers 

1. Anomospermum Schomburgkii Miers. Additional specimens exam- 
ined: Peru— SAN martIn : basin of Rio Huallaga, King 3739 (A, B, F, G, 
1¥), 3756 (B, F, G). hitanuco; Mexia 8201 (B, G, W). loesto: basin of Rio 
Nanay, King 1191 (W), 1370 (F, W). Bolivia — ^la paz: basin of Rio Beni, 
Bnclifien 1619 (G). Brazil: Amazonas: basin of Rio Negro, Spruce 2o63 
(Maebride photo 34503; type coll, of A, lucidum ) (F, F — photo, G). Rio de 
Janeiro: Glaziou 13516 (Maebride photo 4997) (A, F, G — photo). Snrinam: 
Mosimaim 1298 (Maebride photo 30147 ; type coll, of A. Hostmanni) (F — 
photo, G). British Guiana : Rol). Scdiomhurgk 833 (Maebride photo 30148) 
(F — isotype, F— isotype, F — photo of isotype, W — isotype), demerara: 
basin of iSeinerara River, De la Cruz 2682 (I), G, ’W). essequibo: basin of 
Bsseqnibo River, Be la Cruz 1436 (D, B, AY), 1732 (E, AA^) ; basin of Maza- 
runi River, De la Cruz 2267 (I), E, Ali, AY), .2J85 (D, E, AY), 2360 (E, ‘W). 

(D, E, G, AY). Trinidad: TY. E. Broadway 7552 (AY). 

The Alexia collection cited above represents the first known record of 
this species from. Huanueo. The collector records the vernacular name 
AGiuano’’ and states that the mature fruit is orange. The New York Botanical 
Garden sheet of Buchtien 619 is plainly so labeled, but the Gray herbarium 
sheet has had the number corrected to ^‘1619.” The reason for this correction 
is not clear. The Broadway collection cited above is aiiparently the first rec- 
ord of the species from Trinidad. 

2. Anomospeph.:IIJm Bielsianum Aloldenke. Additional specimens exani- 
ined. : Brazil — amazonas: basin of Rio Solimoes, Krukoff 9045 (A — isotype). 

3. Anomospermtjm reticulatum (Mart.) Eichl. Additional specimens 
examined : Brazil — amazonas : basin of Rio Japura, Martins 3027 (Maebride 
photo 19128) (G — photo of eotvpe) ; basin of Rio Aladeira, Krukoff 6766 
(A). 

4. Anomospermum nitidum Miers. Additional specimens examined: 
Brazil — rio de Janeiro: Miers 4254 (F — isotype) ; Glaziou 13517 (F). 

6. Anomospermum CHLORANTHUM Diels. Additional specimens examined : 
Brazil — ^amazonas and acre territory: basin of Rio Purus, Vie 9388 (Mac- 
bride photo 4996) (F — isotype, G — photo of type) ; basin of Rio Solimoes, 
Krukoff' 9118 (A). 

TELiTOXicuM Molcleiike 

1. Telitoxicum Krukovii Moldenke. Additional specimens examined: 
Brazil — amazonas: basin of Rio Madeira, Krukoff 6912 (A — isotype). 

2. Telitoxicum peruvianxjm Moldenke. Additional specimens examined : 
Peru — loreto : basin of Rio Putumayo, Klug 2129 (B — iso type). 

5. Telitoxicum Duckei (Diels) Moldenke. Additional specimens exam- 
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ined : Brazil — para : basiii of Rio Mapuera, Ducke 9012 (Macbride photo 
4990) (G — photo of type). 

6. Tblitoxicum minutiplorum (Diels) Moldenke. Additional specimens 
examined: Peru — ^loreto: basin of Rio Marahon, Tess^nann 4565 (F — iso- 
type). Brazil — ^amazon as : basin of Rio Solimoes, 7559 (A), 8840 

(A, W) ; basin of Rio Negro, Krukoff 7956 (A), 8033 (A). 

abuta Barrere 

1. Abuta macrocarpa Moldenke. Additional specimens examined : Brazil 
— AMAZONAS: bashi of Rio Negro, ? Krukoff 7961 (A), ? 7994 (A). 

2. Abuta obovata Diels. Additional specimens examined: British 
Guiana — essequibo: basin of Mazaruni River, Be la Cruz 2250 (D — isotype, 
B — iso type, G — isotype, W — iso type). 

3. Abuta bullata Moldenke. Additional specimens examined : Brazil — 
AMAZONAS : basin of Rio Madeira, Krukoff 7051 (A). British Guiana—esse- 
QUiBO : basin of Potaro River, Gleason 727 ( W) . 

5. Abuta velutina Gleason. Additional specimens examined: Vene- 
zuela — ^AMAZONAS: basiii of Rio Orinoco, Tate 959 (W — isotype). 

6. Abuta panurensis Eichl. Additional specimens examined : Brazil — 
AMAZONAS: basiii of Rio Negro, Spruce 2763 (Macbride photo 4994) (G — 
])hc)to of isotype). 

7. Abuta racemosa (Thiinb.) Triana & Planch. Additional specimens 
examined: Colombia: department undesignated, Mutis 5632 (W), 5759 
(W). 

8. Abuta IMENE (Mart.) Biehl. Additional specimens examined: Brazil 
— ^AMAZONAS: basiii of Rio Negro, Spruce s.n. (in vicinibns Barra,- Macbride 
photo 4992; type coll, of A, rigida) (P, G, G — photo). 

10. Abuta trinervis (Rusby) Moldenke. Additional specimens exam- 
ined : Bolivia — ^la paz: basin of Rio Mapiri, BuchUen 1935 (W — isotype). 

11. Abuta ORANDiPOLiA (Mart.) Sandw. Additional specimens examined: 
Venezuela — ^bolivar: LI Williams 11437 (P, P, W). Peru — san martin: 
basin of Rio Huallaga, King 2757 (A, B, G). loreto: basin of Rio Htiallaga, 
King 3006 (A, B, G) ; basin of Rio Amazonas, King 2526 (A, W). Colombia 
— ^PUTUMAYO : King 1962 (A, E, G). vaupes : Cuatrecasas 6931 (W) . Bolivia 
— LA PAZ: basin of Rio Beni, H, H. Rushy 1979 (D, E, G, Mi). Brazil 
— GOYAZ: Froes 2065 (A, Mi), matto grosso: Malms 1484 (G). maranilao: 
Froes 11829 (N). acre territory: basin of Rio Purus, Krukoff 5786 (A, 
W). AMAZONAS: basin of Rio Jurua, Krukoff 4720 (A, Mi) ; basin of Rio 
Madeira, E. R. Rushy 1980 (Mi) ; basin of Rio Solimoes, Poappw d069 
(type coll, of A, concolor) (P) ; Krukoff 7812 (A) ; basin of Rio Negro, 
Spruce 1829 (cotype coll, of Anelasnia pallidum) (G), s.n. (‘Gn vicinibus 
Barra ^’) (G) ; Krukoff 7998 (A), para: Biicke 275 (A, P). British Guiana 
— ^essequibo : basin of Takutu River, Rich. Schonihurgk 440 (Macbride photo 
30152; type coll, of Anelasma Guiamnse (P, F — photo), berbice: basin of 
Berbice River, De la Cruz 1646 (E). Surinam.- Collector undesignated s.n. 
(^^D,^’ 23-Vn-1939) (N). 

Cuatrecasas' specimen is the first known record of the species for the 
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province of Vaupes (Colombia), Froes’ specimen the first record from the 
State of Mara nhao (Brazil). 

The vernacular iiame '‘oeralime’' is recorded on the label of the specimen 
from Surinam. 

12. Abuta Klugii Moldenke. Additional specimens examined ; Brazil — 
AMAZONAS: basiii of Eio Madeira, ? Kritkoff 7185 (A, B). 

13. Abuta Selloana Eichl. Additional specimens examined: Brazil: 
Selloiv s.n. (D). slo paulo : F. C. Hoehne s.n. (Herb. Inst. Biol. S. Paulo 
28429) (A). RIO DE JANEIRO: Glaziou 13403 (P). minas geraes: Mexia 4456 
(A, D, E, G), 5(982 (A, D, E, G) ; Mello Barreto 1662 (N), 1777 (P), 
1950 (P). 

14. Abuta rupescens Aubl. Additional specimens examined: Brazil: 
Casaretto 1855 (P). rio de Janeiro: Giiillemm 639 (type coll, of Cocculus f 
macropliylla) (P) ’^Martius 306 (Macbride photo 19129) (G — photo), minas 
GERAES: Mexia 4215 (G), 5478 (A, A, D, E, E, G). amazonas: basin of Rio 
Madeira, Krukoff 5978 (A, Mi, W) ; basin of Rio Purus, Krukoff 5437 (A, 
B, Mi, W). 

16. Abuta Grisebachii Triana & Planch. Additional specimens ex- 
amined : Brazil — amazonas : basin of Rio Solimoes, Krukoff 7570 (A), 7572 
(W), 7822 (A), 8660 (A) ; basin of Rio NegTO, Krukoff 7960 (A), 7976 (A), 
? 8030 (A) ; Ditcke 415 (A, P) ; Spruce 2340 (Macbride photo 4991) (P — 
eotype, G — eotype, G — photo of cotype). 

17. Abuta Candollei Triana & Planch. Additional specimens examined : 
British Guiana: basin of Mazaruiii River, Tutm 188 (W). Surinam: CoF 
lector unclesiffriated s.n. C'E,” 16.VII.1939) (N). French Guiana: Sagot 
s.n. (Macbride photo 34498) (F — photo of type) ; Perottet s.n. (P) ; Auhlet 
S.71. (Macbride photo 34499) (P, P — ^photo). 

If the Paris specimen of Anhlet s.n. (of which we have seen a fragment 
and a photograph in the Field Museum herbarium) proves to be conspecific 
with the British Museum specimen which is the type of A. riifescens Aubl., 
then A. rufescens will have to be the name adopted for what is now called 
A. Caoidollei, and the plant now known as A. riifescens will have to have a 
new name. 

Tutin’s collection is the first record of the species from British Guiana. 

18. Abuta splendida Krukoff & Moldenke, sp. nov. Pnitex scandens; 
laminis coriaceis ovatis vel late elliptieis, ad apicem abrupte breviterque 
mucronatis, ad basim rotundatis, supra nitidis, siibtus dense adpresso- 
tomentosis, 5-plinerviis ; drupis inagnis 2.8-3. 1 cm. longis, 1,8-2 cm. latis, 
asymmetricis. 

In our previous paper (5, p. 70) the Buchtien specimens cited below were 
placed under A. Candollei with reservations. They exhibit only pistillate 
flowers and mature fruits, neither of which was available on any of the 
specimens from the Guianas which are undoubtedly the true A. Candollei. 
Since then we have received an excellent sheet with mature fruit {collector 
tin designated s.n.) collected on Jiilj^ 16, 1939, at Litanie, in Surinam, and 
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kindly sent to us by Prof. Dr. G. Stahel, also additional slieets of the Bolivian 
jdant eolleeted by the senior author of this paper in 1939 in the basins of 
the Ivio Bopi and Rio Mapiri. 

It is now obvious that the Bolivian plant represents a distinct species. 
Its fruits are 2.8'-8.1 cm. long, 1.8-2 cm. wide, distinctly asymmetric at the 
base, curved, the mesocarp hard, about 2 mni. thick, and the pedicels 2-3.5 
m,m. in diameter, wliereas in A. Candolle i the fruits are 1./— 2.1 cm. long, 
1.3-1, 5 cm. wide, more or less symmetric at the base, and straight, the iiieso- 
carp about 0.5 mm. thick, and the pedicels up to 1 niin. in diameter. 

Only staminate flowers are known from A. Candolle i and only pistillate 
flowers are known from the new species from Bolivia. In our previous paper 
(4, p. 70) we have already pointed out the differences in the pistillate flowers 
between the Bolivian plant and A. Grisebachii, the only other species of the 
genus ill which the leaf-blades are woolly beneath (completely covered with 
hairs!). The pistillate flowers of the new species differ from those of A. 
Grisehachii in their much longer and wider sepals, which are distinctly 
appressed-pubescent with short antrorse buff hairs which project conspicu- 
ously in eiliate fashion over the margins, longer staminodes, and larger 
ovaries. 

Description : A woody vine ; older branchlets stout, solid, subappressed- 
tomentose, the pubescence wearing off with age; younger branehiets stout, 
very densely appressed-tomentose with brownish or cinereous hairs ; petioles 
slender, 2.5-9.5 cm. long, densely subappressed-tomentose with cinereous 
liairs when young, less so in age, curved and inerassate at apex, ampliate at 
base ; leaf-blades coriaceous, ovate or broadly elliptic, 8-20.5 cm. long, 4.9-13 
cm. wide, from rounded to acuminate and invariably abruptly short-mucro- 
nate at apex, entire, rounded at base, glabrous above except for the midrib 
and primary veins near the base which are often subappressed-tomentose 
with cinereous hairs, densely appressed-tomentose with cinereous hairs below, 
5-plinerved, the primary veins and their branches somewliat impressed 
above, very prominent beneath, the inner pair of primary veins issuing at 
the very base of the blade ; secondaries rather numerous, issuing at approxi- 
inately right angles to the primaries, subparallel to each other, regular, dis- 
tinct or often indistinct under a hand-lens above, very prominent beneatli ; 
veinlet reticulation fine and abundant, hardly distinct under a hand-lens 
above, prominent beneath; rachis subappressed-tomentose, tlie piibescenee 
wearing off with age, greatly inerassate in fruit ; fruiting-pedicels stout, 4-9 
mm. long, 2-3.5 mm. in diameter, pubescent like the rachis, each bearing 1, 
2, or 3 fruits ; torus very greatly enlarged and club-shaped in fruit ; fruits 
drupaceous, basally attached, elliptic, 2.8-3. 1 cm. long, 1.8-2 cm. wide, 
asymmetric at the base, curved, the exoeaip hard, densely subappressed- 
tomentose with cinereous hairs, the pubescence wearing off with age, the 
mesocarp dark-brown, hard, about 2 mm. thick, the endoearp bony, sculp- 
tured ; embryo folded over the condAde, each arm about 1.6 cm. long. 

Specimens examined : Bolivia- — ^la paz : basin of Rio Bopi, Krukoff 10652 
(N) ; basin of Rio Mapiri, Krukoff 10802 (N), 10866 (N) , 10927 (N) , 11083 
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(fr. Oct.-Nov.) (N — type); Bucktien 620 (fr. Sept.), (N, (1), 1676 (fi. 
June) (W), 1901 (fr. Sept.) (N, W, W). 

Tlie species is veiy common on a hill on the right bank of the Eio Bopi 
near Malpaso del Cinco, also near Florida (between Mapiri and San Carlos) 
in the basin of the Kio Mapiri. The New York Botanical Garden specimen 
Buchtien 620 is plainly inscribed ^'620,’' while the Gray herbariuni specimen 
has had its number corrected to ‘M620.” The reason for this correction is 
not clear. 

elissarriiena Miers 

1. Elissarriiena grandipolia (Eichl.) Diels. Additional specimens ex- 
amined: Brazil — amazon as: basin of Rio Jurua, Krukoff 4673 (A, F) ; 
basin, of Rio Negro, Spruce 1538 (Macbride photo 19130) (G — photo of 
type) . 

The New York Botanical Garden 
New York, New York 
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NOVELTIES IN THE MELASTOMACEAE 
H. A. Gleason 


Among the specimens referred to me for identification during the past 
twelve months are several apparently new to science. These are here de- 
scribed. All types have been deposited in the Britton Herbarium at the New 
York Botanical Garden. 

Weberbauer collected in 1904 a Peruvian inelastome which Avas described 
by Cogniaux in 1908 as the only species in a new genus, Ceyitracleniastrimi. 
So far as I ImoAV, it has not been re-collected. Cuatrecasas and Arbelaez have 
recently collected a second species in Colombia. 

Centradeniastrum album Gleason, sp. nov. A C. roseo differt floribus 
5~nieris OAUirio 3-loculari foliis late cordato-ovatis. 

Stem slender, freely branched, glabrous, about 5 dm. long. Petioles 
slender, glabrous, nearlA^ as long as the blade. Leaf -blades firm, cordate- 
ovate, 5-20 mm. long, 5-15 mm. wide, subacuminate to a blunt tip, shallowly 
serrate Avith 6-9 teeth on each side, 5-7 nerved, glabrous, or AAuth a fevv short 
setae aboA^e. Cymes to 7-flowered, the nodes subtended by ovate (lower) to 
lanceolate (upper) bracts 2-3 mm. long; pedicels 5-15 mm. long, glandular- 
hirsute. PloAvers 5-m.erous. Hypanthium cup-shaped, 3.4 mm. long, thin- 
Avalled, 10-ribbed, glandular-hirsute. Sepals reflexed at anthesis, triangular, 
subulate-tipped, 2.7 mm. long. Petals elliptic, Avhite, 11 mm. long, 7.5 mrn. 
AAnde, obtuse, tipped Avith a stout glandular seta. Stamens dimorphic ; epi- 
sepalous series : filaments slender, 5.2 mm. long ; thecae nearly vStraiglit, 
subulate, 3.5 mm. long; connective forming a half-circle, prolonged 2.1 mm. 
to the filament and bearing a short basal dorsal spur, prolonged beloAv the 
filament 2 mm. in an unlobed flattened organ; epipetalous series: filaments 
5.8 mm. long; anthers erect, straight, linear-subulate, 3.5 mm. long; coiinee- 
tive not prolonged. Ovary 3-celled; style declined, 7.5 mm. long; stigma 
piinetiform. Seeds flat, ciineate, 1.7 mm. long, Aving-margined around the 
elliptic embryo. 

TYPE : Cuatrecasas c6 Arheldez 6239, from Cerro de Munchique, Avestern 
Cordillera, Dept. Cauca, Colombia. 

Monochaetum calvescens Gleason, sp. nov. Sect. Bonplandiae. A 3L 
Bonplandii differt ramis petiolis foliis pedicellis brevissime strigosis non 
patulo-pubescentibus, hypanthio subduplo majore glabro, sepalis minutis- 
sime ciliatis ceterum glabris, appendiee stamiiium minorum elliptica. 

Younger stems, petioles, leaf-blades and pedicels short-strigose. Petioles 
slender, 4-8 mm. long. Blades ovate-oblong, up to 35 by 15 mm., short- 
acuminate, ciliate Avith ascending hairs, rounded at base, sub-5-pli-nerA^ed, 
thinly strigose on both sides, glabrous above over the primary veins. PlcAA-ers 
4-merous, in small clusters terminating the stem and branches, on strigose 
pedicels 5-10 mm. long. Hypanthium narrowly campanulate, purple-red, 
glabrous, about 9 mm. long. Sepals triangular-lanceolate, reflexed at aiithe- 
sis, 9 mm. long, 3-3.5 mm. Avide at base, acuminate, minutely ciliate, Avith a 
feAA^ short setae at the sinus, otherAvise glabrous. Petals red-violet, apparently 

244 


1941] GLEASON : MELASTOMACEAE 

about 15 mm. long. Episepalous stamens: filaments fiat, thin, 8.4 mm. long; 
aiitliers erect or nearly so, linear-slibulate, sterile, 2.2-3. 1 mm. long; ap- 
pendage divergent, flattened, narrowly elliptic, 1.2-1. 5 mm. long. Epipetal- 
oiis stamens: filaments stouter, 7. 7-8. 3 mm. long; anthers deflexed, linear- 
subulate, slightly arcuate, opening by a dorso-terminal pore, the thecae 9-10 
mm. long; connective 0.5 mm. long, channeled on the ventral side; appen- 
dage curved forward into a quarter-circle, 2.5 mm. long, the basal half 
channeled on the concave side, the distal half flattened, widened, and irregu- 
larl,y 3-lobed. Ovary setose at the summit; style slender, 14 mm. long; stigma 
piinctiform. 

TYPE: Arheldez cC* Cnatrecasas 6611, from Fusagasuga, Dept. Cundi- 
marca, Colombia, alt. 2100-2400 m. 

The structure of the stamens places the species beside the well-known 
M. Bonplandii (Kunth) Naud., the only other member of the species-group. 
The very apparent differences between the two are stated in the diagnosis. 

Meriania colombiana Gleason, sp. nov. Sect. Vinhellatae. Frutex scan- 
dens; a M. gpiimluplinervi differt dentibus calycis exterioribus sepala inulto 
excedentibus, a M. holivie/risi foliis subtus densius tomentosis antheris multo 
longioribus, a M. Welerhaueri structura antherarum et connectivi. 

Climbing shrub. Pubescence of spreading hairs densely plumose or stel- 
late at the base only. Younger branches obscurely 4-angled, ferruginous- 
hirsute, more densely so at the nodes, soon glabrescent. Petioles slender, 2-4 
cm. long, hirsute. Blades thin, elliptic, 12-20 cm. long, 5.5-9 cm. wide, acute, 
essentially entire, rounded at base, 5-pli-nerved, above ferruginous-pubes- 
cent when young, soon glabrescent, beneath permanently whitened with 
hairs up to 2 inim long, the basal branches 0.4 mm. long. Inflorescence 2 dm. 
loiig, piibeseent like the stem, the flowers in sessile or stalked clusters of 3, 
the latter usually with a single flower from the base of the stalk; pedicels 
15-20 mm. long,* Hypanthium eampanulate, thick-walled, 8.5 mm. long to 
the torus, densely ferrugious-pubescent, the hairs curved-aseending. Calyx- 
tube prolonged 4.5 mm. to acute sinuses ; sepals broadly round-ovate, 2 mm. 
long, short-acuminate ; exterior teeth terete, 6 mm. long, surpassing the sepal 
by 3 mm. Petals triangular-obovate, 23 mm. long, almost as wide, barely 
retuse, entire. Stamens nearly isomorphic; filaments stout, flattened, gla- 
brous, 8.4-10.3 mm. long, part of them twisted to bring the anthers parallel 
Tvith each other; anthers subulate, tangentially flattened, about 8.5 and 10 
mm. long, opening by a single pore ; connective not elevated, prolonged 
straight back 1-1.4 mm. as a triquetrous organ (large stamens) or as a 
nearly terete organ channeled on the dorsal side, bearing at base an erect 
spur,* flat, triangular, 0.7 mm. long in the small stamens, conic and 1 mm. 
long in the large. Ovary superior, 5-celled; style glabrous, slightly sigmoid, 
29 mm. long ; stigma truncate. 

TYPE: Arheldez arid Cuatrecasas 5285, from Dintel, Dept. Cundimarca, 
Colombia, alt. 2300-2700 m. 

M. cdmnMaria, M. quirittcplinervis Naud., M. hoUviensis Cogn., and M. 
Weberhaueri Cogn. form a group of closely related species characterized by 
large sepals and the peculiar ty|,)e of pubescence described above. In the 
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second the exterior teeth scarcely extend beyond the sepals, in the third the 
flowers are much smaller and pubescence sparse, and in the last the connec- 
tive is elevated into a prominent dorsal ridge and not prolonged at base, 
if. iimbellata Karst., which was also assigned to this group by Cogniaux, 
is quite a different plant, more closely related to the well-known M. speciosa. 

Diolena purpurea Gleason, sp. nov. Herba liumilis cauli hirsnto; folia 
majora lanceolata brevissime petiolata, minora sessilia reniformia; racemiis 
brevis, floribus confertis 5-meris ; liypanthium purpureo-hirsutum ; stamina 
diniorpha, antlieris oblongis, connectivo setis 2 ornato, in ser. int. gracilibiis 
0.6 mm. longis, in ser. ext. 2 mm. longis apiee clavatis. 

A low herb, the stems hirsute with usually reflexed hairs. Larger leaf- 
blades lanceolate, 6-12 cm. long, 2-3.5 cm. wide, obtusely acuminate, 
minutely denticulate, long-ciliate, inequilateral at base, 3-pli-nerved, pilose 
above, especially on the veins, purple and hirsute beneath. Smaller leaves 
sessile, reniform, up to 1 cm. long. Raceme short, with crowded, 5-merous, 
short-pediceled flowers. Hypanthium hemispheric, 2.2 mm. long, densely 
hirsute with purple hairs. Sepals scarious, truncate- triangular, erose- 
firnbriate, 0.4 niin. long; exterior teeth subulate, erect, 1.5 mm. long. Petals 
oblong, 6 mm. long, white, subacute. Stamens dimorphic ; filaments slender 
but fiat, 2.1 or 1.5 mm. long; anthers semi-ovoid, nearly 1 mm. long, ()])ening 
by a ventro-terminal pore; coiineetive prolonged at right angles to the 
thecae, 0.4 or 0.3 mm. long, bearing two anterior appendages 1.9 mm. long 
and elavate distally or 0.6 mm. long and slender. Style bent lateral]}^ near 
the apex, 3.6 inni. long, thickened above to the truncate stigma. 

TYPE: Killip 35243, from dense forest on the upper Rio San Juan, Cor- 
covado Region, Intendencia El Choco, Colombia, alt. 200-275 m. 

It is nearest to I), auric ulata Triana, from which it differs in its strongly 
hirsute stem, foliage and hypanthium. 

Leandra hylophila Gleason, sp. nov. Rami petioli et panicula strigosa ; 
folia breviter petiolata anguste oblonga utrinque angustata 5-pIi-nervia 
supra strigiilosa subtus pubescentia; panicula inultiflora pyramidal is; 
hypanthium subglobosuin strigosuni; calycis lobi breves triangulares quam 
dentes exteriores duplo breviores; petala anguste oblonga ; ovarium glabrum 
3-loculare. 

Shrub about 5 m. high, the younger branches roundly 4-angled, closely 
strigose with brown hairs less than 1 mm. long; petioles stout, 1-2 cm. long, 
strigose like the stem; leaf -blades thin, narrowly obovate-oblong to oblong- 
lanceolate, up to 20 by 7 cm., acute or short-aeuminate, obscurely denti(ndate 
and ciliate, acute or euneate at base, minutely strigose above (liairs 0.5 mm. 
long), pubescent beneath with hairs up to 1 nun. long. Pani(*le shoi't- 
peduncled, 10 cm. long, freely branched, pubescent like the stcnn. Flowers 
sessile, 5-merous. liypaiithiuin subglobose, 1.7 mm. long, s])a]‘sel\' short- 
strigose. Calyx-tube scarcely developed; sepals membranous, ])roadly tri- 
angular with concave margins, 0.5 mm. long from the torus; exterior teeth 
stout, erect, subeonic, projecting about 0,3 mm. Petals narrowly oblong with 
inflexed margins and cueullate apex, orange, 1.3 mm. long. Stamens iso- 
morphic; filaments stout, 1-2 mm. long; anthers straight, 1.8 mm. long; eon- 
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neetive elevated at its base into a eonspicuoiis dorsal protuberance. OATiiy 
two-thirds inferior, 3-celled, glabrous ; style 4 mm. long ; stigma capitellate. 

TYPE : King 1936 ^ from forest at Umbria, Comisaria del Putomayo, Colom- 
bia, alt. 325 111 . 

ICrulcoff 10856, from the vicinity of Mapiri, Bolivia, is identical. Since the 
genus Leandra has received no careful study and its species are not arranged 
in logical order, it is impossible to discuss the possible relationship of the new 
species. 

Miconia stellulata Gleason, sp. nov. Jucimda. A Miconia piiljicalyci 
differt pnbescentia iibiqne mnlto teiiniore, foliis 5-pli-nerviis, sepalis fere 
erectis, petalis calyci stylocpie glabris, dentibiis exterioribiis erassis triaiigii- 
laribus. 

Tree 8 m, high, the branches terete and glabrous, the .youngest twigs, 
petioles, and infiorescenee closely and niiiiutely brown-stellate-tomentose. 
Petioles slender, 10-15 mm. long, deeply and narrowl.y channeled above. 
Blades firm, ovate-lanceolate, up to 14 cm. long and 5.5 cm. wide, long- 
acuminate, entire, rounded at the base, 5-pli-nerved, the principal laterals 
arising 5-8 mm. from the base and outwardl.y curved, lightly impressed 
above, the straight secondaries 3-5 mm. apart, ascending at an angle of about 
70°, obscure above; young leaves brown-stellate-tomentose beneath, sparsely 
stellate above, soon glabrate on both sides. Panicle small, the 5-merous flowers 
sessile in small glomerules. H.vpanthium obconic, 3.7 mm. long to the torus, 
vei\y thinl.v and minutely stellate-pubescent. Calyx soon deciduous, scarcely 
spreading; ealyx-tube prolonged 0.7 mm. to acute sinuses, glabrous; sepals 
broadly depressed-semicircular, 1 mm. long from the torus, with no free 
margin ; exterior teeth triangular, acute, carinate on the inner side, adnate 
to the sepal and extending 0.9 mm. beyond it. Petals obovate-oblong, 4.2 min. 
long, 2 mm. wide, obliquely retuse, glabrous. Stamens isomorphic but differ- 
ing slightly in size ; filaments slender, glabrous, 4 or 4.5 mm. long ; anthers 
subulate, slighti.y arcuate, 2-eelled, opening by a small terminal pore, 3.4 or 
3.9 mm. long, the thecae prolonged briefl.y below the filament; connective 
simple. Ovary half inferior, 3-eelled, the rounded summit glabrous; style 
slender, glabrous, 10.3 mm. long; stigma truncate. 

TYPE : Krukoff 11376, from Gopacabana, Dept. La Paz, Bolivia, alt. 850- 
950 ni. 

It is a member of the species-group within Sect. Juciinda eharacterized 
by the extraordinary development of the exterior teeth, discussed by me in 
1932.^ To the eight species then known two have since been added. One of 
these is obviously similar to M, stellidata but differs in the characters stated 
in the diagnosis. 

Miconia rosea Gleason, sp. nov. Sect. Adenodesmo. Kami juniores, peti- 
oli, venae mediae, inflorescentia et hypanthia densissiiiie tomentosi ; laminae 
membranaceae ellipticae petiolatae 5-pli-nerviae supra glabrae subtus ad 
venas sparse stellatae; sepala bene evoluta; stamina diinorpha; antherae 
subulatae ; connectiva basi dilatata secus margines glandulis ornata. 


1 BuU. Torrey Club 59: 360-363, 
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Tree 6-8 in. high, the younger branches densely tonientose with stout 
conic hairs about 1 imn. long. Petioles stout, 2-5 cm. long, tomentose like the 
stem. Blades thin, green on both sides, elliptic, 16-26 cm. long, 8-14 cm. wide, 
abruptly acuminate, repand-denticulate, cordulate at the rounded base, 5-pli- 
nerved, glabrous above with obscure plane veins spreading at nearly right 
angles, very sparsely stellate on the veins beneath. Panicle few~flowered, 
sparsely branched, 13 cm. long. Flowers 5-merous, sessile but apparently on 
pedicels 5-8 mm. long. Hypanthium hemispheric, 4.2 mm. long to the torus, 
very thick-walled, densely tomentose. Calyx-tube flaring, 2.3 mm. long, 
sparsely sericeous within; sepals broadly triangular from acute sinuses, 3.1 
iniii. long from the sinus, sericeous within, pubescent outside like the hy- 
panthiiini; exterior teeth minute inconspicuous thickenings. Petals cori- 
aceous or fleshy, elliptic-oblong, 16 mm. long, 8.5 mm. wide, slightly inequi- 
lateral. Small stamens: filaments stout, 7.5 mm. long, finely piibescent; 
anthers slightly arcuate, subulate, 6.6 mm. long, with convolute thecae ; con- 
nective widened below and extending over half the sides of the tliecae, bear- 
ing near its margin 6-10 short-stipitate glands. Large stamens : filaments 9 
mm. long, pubescent as before ; anthers slightly sigmoid, subulate, 7.5 mm. 
long, the thecae slightly convolute; connecth"e expanded at base over the 
whole sides of the thecae and bearing around its margin 12-20 nearly sessile 
glands. Ovary mostly inferior, 5-celled, with a terminal erect glabrous collar 
1 mm. high ; style straight, 16 mm. long, finely pubescent ; stigma truncate. 

TYPE: Cardenas 762^ from Chimore, Rfo San Rafael, Cochabamba, Bolivia, 
in damp forest, alt. 800 m. 

The structure of the anther places the species at once in the section 
Adenodesma and adjacent to M. axiriae aides CL, also from Bolivia. It resem- 
bles this species in general habit, except its long petioles, but differs from it 
in its pubescence, its well-developed sepals, and the shape of the connective. 
A better knowledge of M. Urhaniana Cogn., of southern Peru, may eventu- 
ally show that it is also related here, although assigned by its author to Sect. 
Eumiconia. 

Miconia barbicaulis Gleason, sp. nov. Sect. Amhlyarrhena. Rami steliato- 
puberuli et longissime purpureo-setosi ; folia loiige petiolata siibtus pur- 
purea late ovata, breviter acuminata, basi subcordata, 7-nervia, supra hir- 
sutula subtus mox glabra; panicnla laxa pauciflora, nodis setosis; flores 
5-meri; calyx calyptratus demum in lobos irregulariter ruptus; stamina 
isomorpha leviter connata; antherae 4-loculares, eonneetivo basi in lobum 
dorsalem producto. 

Shrub 12 dm. high, the younger stems 4-sulcate, sparsely setose with 
spreading or deflexed blue hairs up to 12 mm. long. Petioles 5-7 cm. long, 
pubescent like the branches. Blades thin, broadly ovate, 20-25 cm. long, 
15-17 cm. wide, short-acuminate, toothed and eiliate, subcordate, 7-nerved, 
hirsutiilous above, hirsute beneath when young, soon, glabrescent. Panicle 
12 cm. long, loose, few-flowered, long-setose at the nodes. F’lowers 5-merous. 
Hypanthium subglobose, 2.2 mm. long to the torus, sparsely long-setose. 
Cafyx calyptrate, membranous, 2.6 mm. long, at maturity divided into 
irregular lobes, sparsely setose; exterior teeth spreading from the middle 
of the lobes, siibterete, 1 mm. long. Petals pale rose, ovate-oblong, 3 mm. 
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loiig, 2 null, wide, obtuse, entire, scarcely inequilateral. Staniens isomorpliic, 
colierent in a ring; filaments broad and flat, 1.4 iniii. long; anthers stout, 
radially flattened, blunt, 1.4 mm. long, 4-celled, opening by a minute termi- 
nal pore ; connective elevated into a ridge over the thecae and prolonged at 
base into a flat rhombic dorsal appendage 0.6 mm. long. Ovary wholly 
inferior, 3-celled ; style 3 mm. long ; stigma capitellate. 

TYPE: Skiitch 4420, from vicinity of Puyo, Napo-Pastaza, Bcuador, alt. 
750-1000 111. 

The anthers are distinctly those of the section Aniblyarrhena, and the 
same kind of cannective occurs in M. acalephoides Naiid. The oiil.y species 
of the section which it resembles in general appearance are M. eardiophylla 
Cogn., M. Lechleri Triana and 3i. pluynifera Triana, which have glomerate 
flowers, iinappendaged anthers, and normal calyx. The ealyptrate calyx sug- 
gests the section Laceraria^ in which M. Wagneri Macbride has a similarlv 
prolonged connective but difiers in its anthers, exterior teeth and foliage. 

Miconia mapirensis Gleason, sp. nov. Sect. Amblyarrliena. Rami dense 
siibstrigosi pilis inflexis ; folia breviter petiolata elliptica breviter acuminata 
basi rotundata sub-5-pli-nervia, utrinque brevissime setiilosa; inflorescentia 
paniculata ramosa; floribiis 5-meris in glomerulos dense aggregatis; hy- 
panthiuin liirsutum ; sepala rotundata, dentibus exterioribus triangularibus 
adpressis; filamenta dense glandulosa; antherae 4-loculares ineurvae, con- 
iiectivo sirnplici ; ovarium 4-loeulare ; stigma late capitatum. 

Small tree, 8 m. high. Younger branches terete, densely substrigose with 
incurved stiff hairs. Petioles 10-15 mm. long, pubescent like the stem. Blades 
firm, elliptic, 12-16 cm. long, 4.5-6 cm. wide, short-acuminate, entire, 
rounded at base, sub-5-pli-nerved, setose on both sides, more densely be- 
neath, with hairs like those of the stem ; secondary veins about 5 mm. apart, 
ascending at an angle of about Panicle short-peduncled, 10-12 cm. long, 
freely branched, the axis and spreading branches densely substrigose. 
Flowers 5-nierous, densely aggregated into terminal glomerules, on pedicels 
1-1.5 mm. long, subtended by linear orange-red bracts 2 mm. long. Hy- 
panthium short-cylindric, 2.8 inm. long to the torus, densely hirsute. Sepals 
broadly rounded, 1.5 mm. long from the torus; exterior teeth triangular, 
appressed, rather fleshy, half as long as the sepals, mostly adnate. Petals 
broadly elliptic, 2.8 mm. long, broadly retuse. Stamens isomorphic ; filaments 
stout, flattened, 2.6 mm. long, densely stipitate-glandular ; anthers stout, 
incurved, 2.6 mm. long, 4-celled; connective simple. Ovary two-fifths inferior, 
3-celled, the free summit conic, sharply 10-ribbed, extended as 10 connate 
lobes surrounding the style ; style stout, villosulous, 6.5 mm. long ; stigma 
depressed-capitate, 1.7 mm. wide. 

TYPE : Krukoff 11215, from Copacabana, Dept. La Paz, Bolivia, alt. 850- 
950 m. Another sheet from the same locality is Krukoff 11188, 

Miconia mapirenm is a member of a small group of Andean species 
characterized by glandular filaments, incurved anthers, broad stigmas, and 
glomerate flowers and including M. modica Gl. and M, lasiosiyla Gl. with 
stellate pubescence, M. amahilis Cogn. wdth nearly glabrous stem and stellate- 
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piibeKseent liypaiitliiiim, and i¥. Bangii Cogii., wliicb is nearly or cpiite gla- 
brous tlirougboixt. In ail of these the inner pair of veins leave the inidvein 
at an acute angle, wliile the outer pair are curved into the perimeter of an 
ellipse. M. sangidnea Triana also shares these characters except as to inflo- 
rescence ; its flowers are long-pedicelled. 

Miconia megastigma Gleason, sp. nov. Sect. Ayyiblyarrheyia. Eaini hir- 
siiti et stellati; folia breviter petiolata, ovato-oblonga, breviter aenminata, 
basi rotundata vel subcordata, 5-pli-nervia, priino ntrinque pubeseentia inox 
glabra ; paniciila pauciraniosa ; flores 5-ineri ; hypanthiiim stellatum et 
setosuiii; sepala late triangiilaria ; petala late ovata; stamina paulo di- 
iiiorpha ; filamenta lata glandulosa ; antherae oboxaiideae, eoniiectix''o ser. ext. 
in appendicem dorsalem producto; stylus glandulosus ; stigma latum pel- 
tatum. 

Slender vine climbing by roots, the younger steins terete, hirsute (hairs 
1.5-2 mm. long) and minutely stellate. Petioles about 1 cm. long, piibeseent 
like the stem but more densely. Blades oblong, up to 10 cm. long by 6 cm. 
wide, short-aeuminate, entire or nearly so, ciliate at least A\tien young, 
rounded or subcordate at base, 5-pli-nerved, minutely stellate above when 
young, soon glabrous, paler and glabrous beneath. Panicle about. 1 dm. long, 
pubescent like the stem, its few branches spreading at right angles. Flowers 
5-merous. Hypanthiiim hemispherie, 2 mm. long, nearly 4 mm. wide, mi- 
nutely stellate and sparsely long-setose. Calyx-tube not prolonged ; sepals 
horizontally spreading, broadly triangular, nearly 1 mm. long, more than 
2 mm. wide ; exterior teeth stoutlx' subulate, appressed, exceeding the sepals. 
Petals white, thick and fleshy, broadly ovate, 4 mm. long, essentially sym- 
metrical. Episepalous stamens: filaments 1.8 mm. long, 1.3 inm. wide, sparsely 
glandular on the margin ; anthers obovoid, 2.1 mm. long, 4-celled ; eonneetive 
expanded at base into a. transversely elliptic fleshy dorsal lobe 0.6 mm. long, 
1.3 mm. wide. Epipetalous stamens: filaments as before, but slightly nar- 
rower, densely glandular on the back only; anthers as before; connective 
scarcely prolonged, truncate. Ovary nearly inferior, 5-celled ; style 4 mm. 
long, densely glandular; stigma peltate, 5-lobed, 2.4 nun. wide. 

TYPE: Skiiich 4558, from vicinity of Puyo, prov. Napo-Pastazo, Ecuador, 
alt. 750-1000 111 . 

The species is undoubtedly related to M. KUlipu GL, to which it bears a 
strong superficial resemblance. The latter is a tall shrub with circular stigma 
and unappendaged isomorpliic anthers. 

Miconia Skutchii Gleason, sp. nov. Sect. Rami dense 

toinentosi sub setis aureis longis ; folia loiige petiolata cordato-o\'ata, iisqne 
22 cm. longa 16 cm. lata, acuminata, dentata, 9-nervia, supra setosa subtiis 
molliter pubeseentia. Panicnla gracilis ; flores 5-meri ; liypanthiuni dense 
villosum ; sepala semicircularia hyalina; stamina isomorplia, coiinectivo infra 
thecas breviter producto late dilatato. 

Shrub 7 dm. high, the .younger branches deeply 4-siileate, densely tomen- 
tose with minute pale hairs, densely hirsute with golden bristles to 2 mm. 
long. Petioles stout, pubescent like the stem, nearly half as long as the blades. 
Leaf-blades ininiitely pnberulent above and setose with golden liairs to 2 mm. 
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long, beneatli softly pubescent with very slender hairs O.d nniL long. ibnii(de 
slender, 15 cm. long, the loiver branches 2 cm. long. Floii'crs iU‘arl\' sessile, 
glomerate, 5-merons. Hypanthium 3.7 mm. long to the torus, wn-y d(Mise{y 
lanate with spreading hairs to 1.5 mm. long. Calyx erec-t, the tube [irolongeil 
0.7 iimi., piibeseent like the hypanthinni; sepals seimh-iimiiar, hyalimc 1.4 
mm. long from the torns, minutely erose-eiliate ; exterior teel h wiioliy aiinate, 
projecting 0.6 mm. Petals oblong, 5.5 by 2.8 mm., wliite, essentially sym- 
metrical. Stamens isomorphic; filaments slender, 2.5 mm. !ong, o])S(nirely 
geniculate near the summit; anthers oblong, 2.1 niiii. long, 4-cell(‘d; ('onma- 
tive thickened and widened toward the base, prolonged 0.6 mm. below the 
thecae into a thick, obscurely 3-lobed appendage. Ovary nearly inferior, 
5-eelled, glabrous; style straight, 6 mm. long; stigma punctiform. 

TYPE : Skutch 4519, from vicinity of Puyo, prov. Napo-Pastaza, Ecuador, 
alt. 750-1000 m. 

Comparativeh' few other species of this section of Miconia have cordate 
leaves, and in none of them is the pubescence so dense. It varies in our plant 
from extremely delicate hairs only 0.2 mm. long through all intermediate 
stages to fairly stiff bristles 2 mm. long, producing a golden indumeiit o^^er 
the stem, j^etioles, panicle and hyx)aiitliium. 

Miconia chrysocoma Gleason, sp. iiov. Sect. Cremanium. Prutex, ramis 
hirsutis ; folia inter miiiores, fiavo-^dridia, obloiiga vel oblongo-lanceolata, 
argute denticulata, saepe eiiiata, 5-pli-nervia, siibtus ad venas villosa; 
panieuhi aureo-hirsiita ; floras breviter pedieellati glomerati ; hypanthium 
aureO“A’'illosum ; stamina isomorpha, connectivo basi breviter 3-lobo ; stigma 
obconieum. 

About a meter high ; upper branches densely brouMi-hirsiite with stoiitisli, 
rather fiexuous, spreading hairs 1-2.5 mm. long, beneath the hairs somewhat 
pulverulent. Petioles stout, hirsute like the stem, 10-15 mm. long. Blades 
firm, yellowy-green, oblong-lanceolate or oblong, up to 9 by 3 cm., subacumi- 
nate, sliarpJy denticulate Avith shalloAV upcurved teetli alternating Avith single 
cilia, rounded at tiie base, 5-pli-nerved, the outer pair submarginal, glabrous 
above, villous beiieath on the primaries, less so on the secondaries and iiearly 
glabrous on the surface. Panicle nearly sessile, about 10 cm. long, hirsute 
Avith yelloAV hairs ; pedicels 1 mm. long. FloAvers glomerate, 5-merous. Hy- 
panthiuni subglobose, 2 min. long to the sinus, loosely villous. Calyx-lobes 
nearly semicircular from acute sinuses, 0.4-0.5 mm. long, very thin ; exterior 
teeth equal in Acidth but half as long, slightly spreading. Petals broadly 
elliptic, refuse, AA'hite, 1.8 mm. long. Stamens isomorphic ; filaments 2.2 mm. 
long ; anthers 1.2 mm. long, opening by tAco Avide terminal pores, the connec- 
tive prolonged beloAA' into a dorsal and two ventral lobes 0. 2-0.3 mm. long. 

TYPE : Killip <£• Smith 18035, from La Baja, Dept. Santander, Colombia, 
alt. 2700-3500 m. ; Giiatrecasas 1149 and 174S, from Boyaca, are the same. 

Through the artiflcial key in Cogniaux' monograph, our species appears 
to be related to Miconia divergens Triana, a larger plant Avith much larger 
entire leaAms and capitate stigma. 

Clidemia Killipii Gleason, sp. nov. Sect. Calophysa. Kami glancluloso- 
hirsuti; petioli formieario hirsute tecti; laminae magnae falcatae breviter 
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aciiminatae, basi oblique eordulatae; flores 5-meri; hypaiitliiiim glaiidiilo- 
811111 ; sepala rotiiiidato-triangularia, dentibus exterioribiis toto adnatis siibu- 
latis, sepala breviter exeedeiitibiis ; aiitherae aiiguste siibiilatae iiiappeiidieiu 
latae ; ovarium eoroiia ornatum. 

Shrub about a meter high, the upper braiiehes densely glandular, the 
hairs to 2.5 mm. long, flattened at the base. Petioles 1 em. long or less, the 
lower side completely covered by a sparsely hirsute convolute formicarium. 
Blades oblong-elliptie or oblong-obovate, essentially isomorphic, to 23 cm. 
long by 12 cm. wide, abruptly short-acuminate, irregularly denticulate, 
obliquely cordulate at base, 3-pli-nerved with an additional marginal pair, 
hirsute above, hirsute on the veins beneath, the hairs partly glandular. 
Panicles axillary, slender, glandular-hirsute, 14-18 cm, long, the lateral 
branches 1-2 cm. long. Flowers 5-merous, short-pedicelled. Hypanthium 
tiibular-urceolate, dilated at the base, 3.8 mm. long to the torus, glandular- 
hirsute, the hairs to 1.7 inm. long. Calyx-tube nearly erect, 0.7 mm. long. 
Sepals rounded-triangular, 1-1.1 mm. long from the torus, obtuse ; exterior 
teeth glandular like the hypanthium, stoutly subulate, adnate to the end of 
the sepal, projecting about 0.6 mm. Petals light green, oblong-elliptic, 5.2 
mm. long, retuse, slightly inequilateral. Stamens essentially isomorphic ; 
filaments slender, 5.2 mm. long ; anthers subulate, 5.3 mm. long, opening by 
a ventro-terminal (outer series) or dorso-terminal (inner series) pore. Ovary 
5-celled, half-inferior, the rounded glabrous summit prolonged into a terete 
crown 0.4 mm. high ; style nearly straight, 4.3 mm. long ; stigma punctiform. 

TYPE: Killip 35249, from dense forest on a ridge along the Yeraclii Val- 
ley, Coreovada Region, Intendencia El Choco, Colombia, alt. 200-275 m. 

AVhile definitely related to C. jnruensis (Pilger) Gl., C. foUosa Gl. and 
C. heterophylla (Desr.) Gl. (cf. Bull. Torrey Club 58: 79-85. 1931), our 
species is distinguished from each of them by exceptionally strong cliarac- 
ters. All three have sessile or veiy short flower-clusters ; in the second and 
third the leaves are dimorphic ; in the first the ovai\y is setose, and seA'eral 
other less cons]3icuous but equally important characters distinguisli them 
from C. KiUipn. 

Ciidemia Pittieri Gleason, sp. nov. Sect. Calophysoides. Habitii Cli- 
demiae gracilis Pitt, similis et ilia forsan affinis, differt eaulibus teretibus, 
folds amplexicaulibus, antheris late dolabriformibus 4-locularibus. 

Small tree to 8 m. tall (according to Woodson) , with terete twigs, gla- 
brous througliout. Leaves sessile, cordate-clasping, abruptly" acuminate, 
otherwise strongly dimorphie, the larger ovate-lanceolate, 8-15 cm. long, 3-7 
em. wide, 5-nerved with an additional weak marginal pair, the smaller 
broadly ovate to rotund, 2-3 cm, long and nearly or quite as wide. Cymes 
from the axils of the upper large leaves, few-flowered, 3-6 cm. long, pedumm- 
late, trichotomous, the very slender branches subtended b.v lineai* brat'ts 6-2 
mm. long. Flowers 5-merous, Hypanthium subgiobose, fleshy, reddish, 3.3 
mm. long to the torus. Calyx-tube fleshy, somewhat flaring, ])roionged about 
0.4 mm. to very broad sinuses; sepals broadly depressed-trianguiai*, about 
0.6 mm, long; exterior teeth adnate for about half their length, resembling 
the sepals in shape but smaller. Petals red, subrotund, 4 mm. long ami wide, 
inequilateral, shallowly retuse, 9-nerved. Stamens isomorphic; filaments 
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stout, nearly 2 mm. long*; anthers stout, 1.3 mm. long and nearly as wide, 
4>celled ; connective elevated in the lower half into a promiiient dorsal ridge, 
unappendaged. Ovary three-fourths inferior, 5-eelled, its summit truncate- 
coiiic; style stout, 4.5-5 mm. long; stigma truncate. 

TYPE : Pittier 3177, from Prov. Chiriqui, Panama, alt. about 1700 m. ; also 
collected more recently in the same province by Woodson cO Schery, 289 and 
562. 

This remarkable plant has been known to me for several years and has 
been left undescribed because its anthers are so unlike those of the other 
species of CUdemia. In all other features it agrees with that genus. It is dis- 
tinguished from C. gracilis Pitt, at a glance by its cordate-clasping leaves. 

Ossaea spicata Gleason, sp. nov. Sect. Bractearia. Prutex ramis tomen- 
tosulis; laminae breviter petiolatae oblanceolatae caudato-acuminatae 3- 
nerviae, supra glabrae subtus ad venas subtomentosae ; flores sessiles in 
glomerulis spicatis, bracteati ; hypanthium subtomentosum ; sepala scariosa 
dentibus exterioribus vix evolutis; petala dorso lepidoto-stellata ; antherae 
basi in calcar breve productae. 

Shrub 3-4 m. high, the younger branches slender, thinly tonientose. Peti- 
oles 5-10 mm. long, pubescent like the stem and setose toward the base on the 
upper side. Blades thin, oblanceolate, paler beneath, 12-18 cm. long, 4-6 cm. 
wide, caudate-acuminate (acumen linear, obtuse, 10-15 mm. long), repaiid- 
denticulate, narrowed from above the middle to an acute base, 3-nerved, with 
an additional pair of submarginal veins, glabrous above, thinly subtomentose 
beneath on the primary veins only. Flowers 5-merous, sessile in small glonier- 
ules subtended by oblong to ovate bracts 1-1.5 mm. long, separated by inter- 
nodes 10-15 mm. long, forming a straight, axillary or terminal, interrupted 
spike. Hypanthium cup-shape, 1.6 mm. long to the torus, thiek-walled, sub- 
tomentose. Calyx-tube nearly erect, 0.5 mm. long ; sepals very thin, broadly 
ovate to triangular, 1.2 mm. long from the torus ; exterior teeth minute 
thickened triangles. Petals erect, lanceolate, 4.4 mm. long, lepidote-stellate 
on the back, the minute subulate exterior teeth erect, the actual apex cucul- 
late and minutely indexed. Anthers linear, 1.4 mm. long; connective pro- 
longed at base into a lanceolate, erose, dorsal lobe about 0.4 mm. long. Ovary 
3-celled, glabrous ; style straight, glabrous ; stigma apparently punctif orm. 

TYPE: Killip 35166, collected in dense forest between Quebrada Guarapo 
and Mandinga, Intendencia El Choco, Colombia, alt. 120-180 m. 

In its spicate bracted iiifiorescenee 0. spicata is clearly related to 0. nifi- 
lardis Triana, which is a much more robust plant, with pli-nerved leaves, 
long-hirsute inflorescence, and much larger bracts. 

The New York Botanical Garden, 

New York, New York 



THREE NEW SPECIES OF MEXICAN UMBELLIFERAE 
Mildred B. Mathias and Lincoln Constance 

Arracacia ternata Matliias & Constance, sp. nov. Herba gracilis eaiiles- 
cens e radice horizontali erassa rainosa, 6-10 dm- alta, omniiio glabra vel 
minute scaberula ; folia in ambitn deltoidea, 1.5-3 dm. loiiga, S-l-ternata, 
foliolis oAurto-lanceolatis apice acntis, basi ciineatis, termiiialibus exceptis 
distinetis petiolulatis sessilibusve, 2-5 cm. longis, 1-2 cm. latis, crasse den- 
tatis lobatisque, dentibiis triangiilaribus miicronatis ; petioli gracillinii, 5-15 
cm. longi, basi vaginaiites; folia caiilina pauca foliis basilaribus similia, 
insiiper demum inulto rednctis uni- ycI plurilobatis, lobis elongatis fili- 
formibus, 1-2 cm. longis, vaginis obsoletis ; iiifiorescentia ramosa peduneulis 
iniimis alternis, superioribus verticellatis graciJibus patenti-adscendentibus 
subaequalibiis, 2-3.5 cm. longis; radii fertiles 5-6 graciles patenti-adscen- 
dentes subaeqiiales, 2-3.5 cm. long!; pediceili fertiles 1-5, graciles pateiiti- 
adscendentes, 3-6 mm. longi; fiores purpiirei, petalis OYalibus; stYlopodium 
brevieoiiicum, disco eonspieuo erenulato, stjlis brevibus di\'ergentibus re- 
eurYatisYe; carpophoruni usque ad basim bifiduni; fructus oblongus, 7-12 
mm. longiis, 2-3 mm. latus, glaber, apice basique attenuatus, apice emargi- 
natiis, costis filiformibus ; Yittae parYae in interYallis 1-2, in eonimissiiris 4 ; 
seminis facies profunde sulcata. 

Slender cauleseent, brancliing perennial from a stout, liorizontal woody 
root, 6-10 dm. higli, glabrous tlirouglioiit or the foliage miniitelY scaberu- 
loiis; leaYes deltoid in general outline, excluding tlie petioles 1.5-3 dm. long, 
3-4-ternate, tlie leaflets oYate-laneeolate, 2-5 cm. long, 1-2 cm. broad, acute 
at apex, cuneate at base, all but the terminal distinct, coarsely tootlied and 
lobed with triangular-niueronate teeth, petiolulate or sessile ; petioles Yery 
slender, 5-15 cm. long, sheathing at base; eauline leaYes few, like tlie basal, 
the uppermost greatly reduced and consisting of 1-seYeral elongate, iiliform 
lobes 1-2 cm. long, the sheaths obsolete ; inflorescence freely braiiehed, the 
lower peduncles alternate, the upper Yerticillate, slender, 3-6 cm. long, often 
with a small sterile lateral umbel; inYolucre wanting, oi‘ of a solitary folia- 
eeous linear bract; inYoIueei of 1-seYeral linear bractlets, 3-5 mm. long, 
exceeding the flowers; fertile rays 5-6, slender, s])reading-ascem}ing, sub- 
equal, 2-3.5 cm. long; fertile pedicels 1-5, slender, spreading-ascending, 3-6 
mm. long; flowers purple, the petals OYal; stylopodium low-conical, with a 
conspicuous crenulated disk, the styles short, diYcrgent or recurYed ; car- 
pophore 2-cleft to the base; fruit oblong, 7-12 mm. long, 2-3 mm. bi'oad, 
glabrous, tapering at each end, and Avith a V-shaped notch at the ap(\x, the 
ribs filiform; oil tubes small, 1-2 in the interYals, 4 on the ('ommissure ; seed 
face deeifly silicate. 

Type specimen: Bartlett 10294, Cerro Parrena, Yieinity of San Jose, 
Sierra de San Carlos, Tamaulipas, Mexico, alt. 3100 ft., Julv 13, 1930 (MBCj^ 
TYPE, US). ' 

This species is known onl.y from the type eollectioii. It is most closely 
related to Arracacda friiticosa and A. PringleL Arracacia fruticosa^ is a 

1 Tlie institutions in which these specimens are deposited are designated as follows : 
Royal Botanic Gardens, Kew, K; Missouri Botanical Garden, MBG ; New York Botanical 
Garden, NY ; United States National Herbarium, US. 
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woody species and A, Pringlei is cliaracterized by mostly alternate pediiii- 
cles, longer involiicel bracts, more numerous rays, shorter pedicels and white 
or creani-colored flowers. 

Donnellsmithia Hintonii Mathias & Constance, sp. iiov. Herba annua vel 
biennis, 6-12 dm. alta, e radiee simpliee gracile, foliis nodisque paullo 
scaberulis; folia in anibitu deltoidea, 6-12 cm. longa, ternato-piiinate dis- 
secta, segmentis terminalibus plerumque distinctis, foliolis lanceolatis ova- 
tisve, 10-30 mm. longis, 5-15 mm. latis, basi cuiieatis, pinnatifidis denta- 
tisqiie lobulis (dentibus) integris, apiculatis glabratis venis raehibiisqiie 
minute seaberulis; petioli 5-15 cm. longi; folia eaulina siimma alterna de- 
cussataAC; umbellae crebro sessiies vel plerumque pediinculatae, peduiiciilis 
alteriiis, 0.5-3 cm. longis ; iiivoliicrum nullum vel unibracteatiim ; involiicel- 
lum niillnm ; radii 3-6, subaeqiiales, 0.6-1. 2 cm. longi ; pedicelli fertiles 1-4, 
2-6 mm. longi, sterilibus longiores; fiores fiavi; stylopodium manifestum 
breve; fructus orbicularis obcordatusve, 1.5 mm. longus, 1.5-2 mm. latus; 
basi cordatus ad apieem versus attenuatus glaber, apice rotundo, costis fil- 
formibus in distinctis ; vittae commissar arum ut eae in intervallis 2-4; 
seminis facies vadose sulcata. 

Annual or biennial from a slender taproot, 6-12 dm. high, the foliage and 
nodes slightly scaberulous ; leaves deltoid in general outline, excluding the 
petioles 6-12 cm. long, ternate-pinnatel.y dissected, the leaflets lanceolate to 
ovate, 10-30 mm. long, 5-15 mm. broad, mostly distinct, attenuate at apex, 
cuneate at base, pinnatifid and toothed with entire, apiculate lobes or teeth, 
minutely scaberulous on the veins and the rachis or glabrate; petioles 5-15 
cm. long; uppermost eauliiie leaves alternate or opposite; peduncles alter- 
nate, 0.5-3 cm. long, or some umbels frequently sessile ; involucre wanting, 
or of a single bract; involucel wanting; rays 3-6, subequal, 0.6-1. 2 cm. long; 
fertile pedicels 1~4, 2-6 mm. long, longer than the sterile pedicels; flowers 
yellow ; stylopodium low but evident ; fruit orbicular to obeordate, 1.5 mm. 
long, 1.5-2 mm. broad, cordate at base, rounded but tapering toward apex, 
glabrous, the ribs filiform, indistinct ; oil tubes 2-4 in the intervals and on the 
commissure ; seed face shallowly sulcate. 

Type specimen: Hinton 8463^ oak woods, Salitre, District of Temascal- 
tepec, State of Mexico, September 19, 1935. (NY type, K). 

Specimens examined: Mexico: llano, Tenayac, 1650 m., Hinton 4851 
(K, NY) ; barranca, Tenayac, Hinton 8367 (K, NY) ; hill, Mina de Agua, 
1990 m., Hinton 2329 (K, NY) ; Puerto Salitre, 1300 m., Hinton 1795 (K). 

This species is separated from Donnellsmithia mexicana by its shallowly 
sulcate seed face, the fertile pedicels much longer than the sterile, and the 
pinnatifid and toothed leaflets. Both D. Hmtomi and D. mexicana are read- 
ily separable from I>. hiennis by the evident stylopodium, oil tubes several 
in the intervals, fruit tapering at the apex, and the indistinct ribs. 

Prionosciadium simplex Mathias & Constance, sp. nov, Plerba perennis 
cauleseeiis erecta, 8 dm. alta, usque ad infloreseentiam scaberulam omnino 
glaiica glabraque, folia basilaria in ambitu deltoidea, 8-15 cm. longa, biter- 
nata, foliolis glabris distinctis petiolulatis subtus giaucis, 1.5-2. 5 cm. longis, 
0.8-1. 5 cm. latis, oblongis ovato-lanceolatisve serrulatis, obtiisis vel apice 
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abrxipte aciitis, basi triiiicatis lobis duobiis lateralibus iiistruetis ; petioli 
graciles, 3-5 cm. longi, vaginis elongatis oblongis margiiiibus seariosis ; folia 
caiilina foliis basilaribiis similia alteriia siirsiini reduet a, vaginis eonspicuis 
oblongis; inflorescentiae umbella uniea terminalis, interdiim rainis lateral- 
ibus iiistruetis ; pedunculus gracilis, 10-12 cm. longus ; iiivoluerum nullum ; 
iiivoluceili bracteolae pliires laiieeolatae ovato-lanceolataeve aeumiiiatae 
purpurascentes scaberulae, 3-6 mm. longae ; petala purpurea obovata, circa 
2 mm. longa; stylopodium depressum, stylis longiusculis ; fruetus imma- 
turus oblongus basi rotuiidus, apice truncatus, 6-8 mm. longus, 3-3.5 mm. 
latus, glaber, dorsaliter valide compressus, eostis dorsalibus iiliformibiis, 
lateralibus tenui-alatis, alis corpore angustioribus. 

Eather slender, caulescent, erect perennial, 8 dm. liigli, glaucous and 
glabrous throughout except for the scaberulous infloreseenee ; basal leaves 
deltoid in general outline, excluding the petiole 8-15 cm. long, biternate, 
the leaflets oblong to ovate-lanceolate, distinct, 1.5-2. 5 cm. long, 0.8-1. 5 cm. 
broad, obtuse or abrupth^ acute at apex, truncate at base, finely serrate and 
often with two lateral lobes at base, glaucous beneath, petiolulate; petioles 
slender, 3-5 cm. long, the sheaths elongate, oblong with a scarioiis margin; 
cauline leaves like the basal, alternate, reduced upwards with a conspicuous 
oblong sheath ; inflorescence of a single terminal umbel or witli some lateral 
branches below; peduncle slender, 10-12 cm. long; involucre wanting; iii- 
volucel of several lanceolate or ovate-lanceolate, acuminate, purplisli bract- 
lets, 3-6 mm. long, shorter than the fruit ; fertile rays about 10, spreading- 
ascending, unequal, 1. 5-4.5 cm. long; fertile pedicels 2-6, spreading-ascend- 
ing, 2-4 mm. long ; calyx teetlj obsolete ; petals purple, oboA'ate, witli an in- 
dexed tip, about 2 mm. long; stylopodium depressed, the styles rather long; 
ovaries glabrous; iinmature fruit oblong, 6-8 mm. long, 3-3.5 mm. broad, 
rounded at base, truncate at apex, glabrous, strongly flattened dorsally, the 
dorsal ribs filiform, wingless, the laterals thin- winged, the wings (in young 
fruit) narrower than tlie body. 

Type specimen: Nelson 4478, on mountains near Miquihuana, Tamauli- 
pas, Mexico, alt. 7000-9000 ft., June 10, 1898 (US 332,526 type). 

simplex is most nearly allied to P. Jiumile^ whicli is itself 
anomalous in the genus. Both species are characterized b.v their low slender 
stature and comparatively simple inflorescence. Pnonosciadiuni si}nplex 
ma,y be separated from P. h iimdle by the finely serrate, oblong to ovate-lance- 
olate leaflets, 1.5-2. 5 cm. long, 0.8-1. 5 cm. broad, and the purple flowers. 

University of California 
Berkeley, California 
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STUDIES IN THE GENUS PHYSALACRIA^ 

Gladys E. Baker 

(with one hundred and five figures-) 

The o-enus Physalacria is generally regarded as a member of the family 
Cl2^ri:cede (KiUerman in Bngler and Prantl 1928; Coker 1923 ; Clements 
n>ir1 Shear 1931) althongh more recently the suggestion tliat it be trans 
feried to" a place amongst the Thelephoraceae has been advanced (McGuire 
1939) This proposal is based upon the assertion that the hymenium occuines 
a unilateral and inferior positon instead of being amphigenous, ^which s 
the usual Inmienial characterization for the CAavariaceae. McGuixc has . . 
vineiimlv demonstrated the fallacy of the amphigenous distribiition mPhy- 
.alacrkt' and has pointed out also the erroneous conclusions of previous in- 
vestioators Avho followed this assumption. Up to now very little attention L 
bee devoted to detailed studies of any of the Clavarmceae. AVakjmma (1932) 
mmtions the basidia of Clavaria briefly, but only as a prelude to studies 
never completed. A comprehensive treatment of Typhida has .lust appearec^ 
fRemsber" 1940) but without the inclusion of cytological data. Apparent j 
pC, been h.vetfg.ted cytologicallj. In order to .ooert.m 
rvitli onv certaintv the approximate positon of this gemts and its relation- 
ships, a' complete study of the basidiocarp development and clifferentiati 

%“™fact that this genus has been defined “'(f; 

:: SG 1 iuS.qn:nt i number of collections have been made in the 
genus aie still i^itiequem. 

mtervening y^^^^ as a basis for this study was collected July 25 
ih ^ 1935 from basidioearps growing on a decaying stump in Door 

Su;ty,-'V.onsuU^^^^^ 

wSel dimTg thrsummers of 1936 and 1938. The summer of 1936 was an 


Salmon Kesearcli Fund of Vassal- College. 

265 

/ftc. 907-264 Vwas issued April 1, 1941] 
["The Bulletin FOR April (68. 



266 


BULLETIN OF THE TORREY CLUB 


[VOL. 6S 


ex<' 0 |)ti()!ial]y dry one but even after the beginning of the rainy season the 

f 1111^*1 IS (lid not reappear. 

The iiiaterial was fixed and preserved in forinol-acetioaleolio]. Later 
cluiracteristie stag-es of development were selected for sketcdiing', and, in 
turn, sectioning*. All material was dehydrated in a butyl-alcohol series pre- 
vious to imbedding, and serial sections 3, 5, 8, and 10 p thick were cut. Slides 
were stained with. Heidenhain’s iron-alnni-haematoxylin and eounter-stained 
with phloxine. Temporary mounts were examined in a lacto-phenol prepara- 
tion with a combination of cotton-blue and acid fuchsin as stains. 

The youngest stage sectioned revealed a scarcely differentiated ball of 
tissues partially imbedded in the wood cells of the siibstratiim (fig. 1). 
Hyphal filaments with no special orientation abundantly pack the lumens 
of the Avood cells at this and later stages (fig. 2). The hyphae appear to be 
binncleate. Basally the filaments are compactly arranged, forming a zone of 
thin- Availed pseudo-parenchyma (fig. 3). Inside the hyplial cells the cyto- 
plasm forms a scant lining, and the nuclei, Avhen apparent, are in close 
association or are scattered. Above the basal tissue the hyphae often appear 
as longer cells although their pseudo-parenchymatous iiature is not lost com- 
pletely (fig. 4). A short distance below the surface of the basidiocarp the 
cell arrangement becomes briefly reticulated before passing into tlie long 
loose liyphae Avliich radiate freely over the surface. The liyplial tips are com- 
pletely undifferentiated (fig. 5). 

"When the distinction betAveen stalk and head of the fruetifl<ndion is first 
Ausble, the tissues are fundamentally the same as in the button stage altliougli 
they are noAV present in larger amounts (figs. 6, 7). ActiA^e cell division in all 
parts of the deA^eloping basidiocarp alloAA^s for its groAvtli arid subsecjueiit 
tissue differentiation. The enlarging head is formed of reticulate filaments 
and free surface h.yphae. Already much elongated at this stage, tlie stalk is 
composed of cells AAfith nuclei in active diAAsion as well as in conjugate pairs 


Explanation of figures 1-14 

All figures Avere draAvii Avitli the aid of an Abbe (fanieTa liicida. 

I^liysalacria mflcita. Pig. 1. Section of a young basidiocarp groAving ou woimI. Dia- 
grammatic. X 47. Pig. 2. Detail of AA^ood cells of substratum showing the liiineiis filled 
Avith fungous hyphae. x 550. Pig. 3. Cells from pseudo -iun-eiic*hy mate us zom* at base of 
the basidiocarp illustrated in fig. 1. x937. Pig. 4. Cells from the interior of tlu* i basidio- 
carp shoAAUi in fig. 1. X 937. Fig. 5. Free hyphae from the surface of tlu' same' liasidio<airp. 
X 937. Pig. 6 . Habit sketch of a young basidiocarp, the head region ])ar(dy distiiigui.shed. 
X 18. Pig. 7. Section of basidiocarp shOAvn in fig. 7. x 20, Pig. 8. Basal cedis of ]»asi<lio- 
earp of fig. 7. Note thickening of Avails, x 937. Pig. 9, Stalk hy})hae from same leasidio- 
earp. x 1550. PiG. 10. Cells from the region of junction between bead and stalk, x 937. 
Pig. 11. Diagrammatic view of a longitudinal section through a dtoadoping basidiocarp. 
x47. Pig. 12. Beticulate hyphae from the head of the basidioearp in fig. 11. x' f);>7. Pig. 
13. Hyphae from the surface of a young basidioearp in the future fcodile area, x 937. 
Pig. 14. Hyphae from the surface of a young basidioearp in the future sterile area, .b 937. 
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(fig-. 9). The cells are tliiii-walled, elongated, and mostly are arranged in a 
coinpact parallel fashion, although occasionally tliey are branched. Those 
toward the outside often are of greater diameter than the internal ones. 
The walls of the pseudo-parenchymatons cells at the base of the stalk are 
slightly thickened (fig. 8). In a succeeding stage in the region where the 
head and stalk tissues adjoin, the reticulate portion becomes much anasto- 
mosed and consequently is difficult to trace. Here, too, the nuclei are eoni- 
inonly found to be dividing (fig. 10). The bulk of the head is a loose reticulum 
of Ipyphae (fig. 12) which now supports a conipact layer of cells on the sur- 
face; this results in a smooth head without gyrations (figs. 11, 15). The 
peripheral hyphae lie parallel to each other in a palisade arrangement. They 
may be of unequal lengths, but they are usually binucleate and are sup- 
ported basally by a layer of more closely interwoven cells. In places the 
h.yphal ends are inflated and show a decreasing cytoplasmic content; these 
are young cells which later will comprise the bulk of tlie sterile tissues of the 
head. Cells of the fertile parts are much smaller, filled with dense cytoplasm, 
and are more or less clavate in shape. Sterile and fertile areas consequently 
become recognizable long before the basidiocarp is morphologically mature 
(figs. 13, 14). Occasional cells nia}^ have already matured into cystidia, and 
a few of these may be emergent, but many of them are still disposed well 
wdthin the tissues. Externally the stalk, from its earliest inception, appears 
tonientose because of many such inflated, cells wlricli terminate free marginal 
hyphae along its entire length. These hyiihae are identical in appearance and 
nuclear history with the inflated cystidia of the cap (figs. 58, 59). Possibly 


Explanation of figures 15-30 

Physalacria inflata. Fig. 15. Y^oung basidiocarp Avitli head and stalk distinct. x4T. 
Fig. 16. Section of same basidiocarp in diagrammatic longitudinal view, showing the first 
separation of reticulate tissues in the head, x 50. Fig. 17. Older basidiocarp showing first 
external fold in the cap. x 15. Fig. 18. Section of basidiocarp of fig. 17, diagraniniatically 
represented, and showing the first complete separation of the tissues inside the head, x 14. 
Fig. 19. Older basidiocarp showing progressive separation of internal tissues. Section dia- 
grammatic with future hymeiiium restricted in this section to upper lobe. (Otlier sections 
show other lobes as fertile.) x 14. Fig. 20. Hyineninm from fig. 19. Cross-walla are in- 
frequent and the nuclei are in active division at this stage, x 1550. Fig. 21. Surface 
hyphae which comprise sterile areas of the same basidiocarp ; the largest cell is a eys- 
tidiiini. X 1550. Fig. 22. Developing basidiocarp showing infolding on upper and lower 
surfaces, x 15. Fig. 23. Section of basidiocarp of approximately same age as that shown 
in fig. 22, with complete separation of cap and stalk tissues ; the liyinenium occurs on the 
left side and partly covers the upper surface, x 14. Fig. 24. A mature basidiocarp. x 0.75. 
Fig. 25. Mature basidiocarp strongly lateral in the attachment of cap and stalk, x 1.2. 
Fig. 26. Diagrammatic section of basidiocarp shown in fig. 24. x 47. Fig. 27. Completely 
matured basidiocarp with younger one connate at the base, x 2. Fig. 28. Section of a 
much inflated and lobed mature basidiocarp. In this section the fertile area is on the left 
margin but in other sections fertile areas occurred on the right lobes and not on the left. 
Diagrammatic. x47. Fig. 29. Stalk hyphae with thickened walls from a mature basidio- 
earp. x550. Fig. 30. Detail of subhynienium. x 937. 
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they should be desijxuated eaidoevstidia, sensii Biiller, but such a distinction 
seems unnecessary li ere. 

As internal diherentiation progresses conspicuous openings appear in 
the cap imniediately above the termination of the stalk Irypliae (fig. 16). 
Later tliese become confluent and through more extensive growth make tlie 
first separation betAveen cap and stalk tissues (cf. figs. 17, 18, 19). The sur- 
face hyphae are at this time approaching their ultimate size and arrange- 
ment (figs. 20, 21). The .liymenium consists of closely parallel h.yphae Avhose 
slender clavate tips contain dense cytoplasm and whose nuclei are either 
undergoing karyogainy or are in Amryiiig stages of division, presumably 
ineiotie. The fertile hyphae are supported by a subhymenial layer of loosely 
interwoA^en cells. No mature basidia are to be found at this stage. Cross Avails 
are infrequent, so that often tAvo sets of iiuelei appear in one hyphal end. 
IToAvever, the hymenial distribution is Avell-marked, because the sterile sur- 
face hyphae are larger, fusiform, and more Amcuolate than the fertile tips. 
Ventrieose cystidia are prominent in this tissue. Some are not emergent and 
their nuclei are eoninioiily in karyogamy or in the first ineiotie diAusion. 
Those Avhich do project are usually binucleate, hawing resulted from fusion 
and one diAusion. Nuclei in both the subhymenium and the underlying 
reticulum of the cap are still actiA'ely dividing. Such division alloAvs for the 
eoiitinued expansion and inflation of the cap. 

Just before the maturation of the hymenium the cap sIioavs externally tlie 
first conspicuous folds, predominantly on the loAver side, and internally tlie 
complete separation of the cap from the stalk (figs. 22, 23). Projecting 
cystidia of tAvo t.ypes occur OA^er the head: large ventrieose ones Avhieii have 
a thickened rostrate liead and slender fusiform ones A^'liich may or inaA^ not 
have thickened tips. They are all binucleate. Apparent I a’' these cystidia reach 
maturity in advance of the basidia and the surface cells of the sterile zones ; 
the nuclei of the tAVO latter cell-types being mostly in karyogamy or tlie 
division thereafter. Stalk and subhymenial cell nuclei are likeAvise often in 
diAusion. 

The mature basidiocarp has clearly distinct fertile and sterile surface 
areas. According to its age it is more or less eoiivolute and iiiflated. The in- 
foldings are due to the expansion of the cap tissues, both fertile ami sterile. 
In section a basidiocarp of external appearance, such as that shoAvn in figure 
24, has a hymenial layer about 20 \i thick, supported by tlie subhAuneniiini 
ranging from 10-15 g in thickness (fig. 30), both of Avhicli are siipported 
from beloAV by a zone of loose reticulate hyphae from 50-150 g deep. The 
sterile portions, Avhich are from 30-40 g thick, rest directly on the reti(uiluni. 
The remainder of the cap is entirely liolloAV except in the region of tlie stalk, 
Avhere the parallel hyphae may protrude into the holloAv, although generally 
these tissues are covered by a feAV reticulate strands (fig. 26). The stalk tis- 
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sues may be confluent with the retieuluni of the cap when the Jateral attacl]- 
nieiit of the stalk is extreme or the convolutions are high}}" irregular (figs. 
25, 28 ). It is evident that although collapse of the bladder inay explain some 
irregularities of the cap, the foldings are usualh^ due to differences in ex- 
pansion, for the cell layers show no signs of shrinkage or distortion. 

Wlieii completel.v mature the basidiocarp is extremely convoluted and 
greatl.v exi)anded (fig. 27). The walls of the mature stalk cells are much 
thickened, the cytoplasmic content is reduced, but the iiuclei are still promi- 
nently associated in pairs (fig. 29). The distribution of the hymenium is 
variable but never amphigenous. A detailed examination of the liymeniiim 
from a section of the basidiocarp illustrated in figure 24 reveals that it is 
composed of basidia, paraphyses, and cystidia (fig. 31). The surface of the 
sterile part is made up entirely of fusiform, expanded cells. Altogether four 
kinds of sterile elements may be distinguished in Phymlacria. McGuire 
(1939), who mentions the large ventricose cystidia and smaller, slender fusi- 
form ones, described their form and position correctly. Both occur over the 
entire head, but more abundantly in the sterile portions. Ventricose cystidia, 
which are conspicuous for their thickened rostrate heads and their enormous 
size (26“52 X 4-10 jj ) project from 9 to 30 g above the surface. Fusiform 
cystidia, 40-50 x 4r-6 occur freely in the sterile portions, and less fre- 
quently in the fertile tissue than the ventricose type. Furthermore, the fusi- 
form ones are often found in greatest numbers in the transition region be- 
tween fertile and sterile areas. This difference in distribution may be seen 
in diagrammatic representation (fig. 100). The fusiform type is further dis- 
tinguished in that it projects farther, as much as 50 g, and is always emer- 
gent. Occasionally the tip is thickened. Both kinds of c^^stidia are compara- 
tively full of cytoplasm and are binucleate. 

Besides the cystidia there are tlie cells which constitute the bulk of the 
sterile surface layer. These are fusiform cells of an intermediate size, 24- 
31 X 4-9 u ; their free ends are never thickened, however, and they are united 
in a compact u],)righ.t layer. None of them projects beyond the surface, al- 
though, being somewhat variable in length, they form a slightly uneven 
surface. Their extreme vacuolation is most coiispicuous and from most of 
them the nuclei have disappeared. 

Amongst the basidia are found the mueli smaller paraphyses, which are 
also non-emergent, uneiicrusted cells. Figures 31 and 56 illustrate these 
sterile and fertile elements, drawn to a conimon scale. The hymenium rests 
on the subhyineniiim, which consists of small hyphae, 1-2 p in diameter, 
more or less upright in position, parallel for the most part, but occasionally 
branched and interwoven. This layer is supported from below b.y the cells of 
the reticulum, which are coarser, 2-4 p in diameter, and definiteh' inter- 
twined. All of its cells are binucleate with irregular cytoplasmic content. 
The siibhymenium is lacking in the sterile parts. 
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Basidia osually arise as terminal liyplial cells, and cUn'clof) in series. Con- 
sequently in any given portion of the hymeniuni stages of de^^elop merit niaj" 
range from very .young basidia with unfnsed nuclei to mature basidia which 
are slightly emergent at the time of spore discharge. Cytologicallv the devel- 
opment of the basidiiim is that any .typical homobasiduni. Even when 
very young the basidia are comparatively distinct from tlie paraphyses, for 
they are shorter and more clavate as early as the jire-fiision stage (cf. iigs. 
54 and 55). The young basidium is densely protoplasmic and binueleate (lig. 
32). By the time nuclear fusion has taken place it has already enlarged con- 
siderably, and become slightly vacuolate. Before fusion the nuclei lie mid- 
way in the cell. As the basidium enlarges the nuclei also increase in size 
(fig. 33). The basidium is well on its waA" to maturity before karyogamy 
occurs (figs. 34, 35). At the time of fusion the tAvo nuclei moA^e near the en- 
larged end (fig. 36). Here fusion takes place and is soon folloAved by the 
prophase of the first diAusion, Athich is probably meiotic (figs. 37, 38). The 
basidium continues to enlarge at the outer end. The second division follows 
at once (figs. 39, 40), although the division of the tAvo daughter nuclei is not 
necessarily simultaneous (fig. 41). At the four-nucleate stage the basidium 
is decidedly enlarged and near its maximum size. Tlie four nuclei lie toward 
the outer surface (fig. 42). Sterigmata then appear, groAving to a length of 
1 or 2 p before the spore Amsicles begin to form (figs. 43, 44). As the sterig- 
mata and spores deAmlop the basidium becomes correspondingly more Amcuio- 
late. The nuclei moAm near the sterigmata, pass through them into the spores 
in an attenuated mass, and finally are reorganized Avithiii the young spores 


Explanation of figures 31-55 

Physalacria inffata. Pig. 31. Detail of mature liymeiiium, siibhymenium, and a por- 
tion of the reticulate liypliae. x 1250. Fig. 32. Young basidia, pre-fusion, x 2060. Pig. 
33. Older basidium, pre-fusion, x 2060. Pig. 34. Older basidium, pre-fusion, x 2060. 
Pig. 35. Basidium with fusing nuclei, x 2060. Pig. 36. Basidium with fusion nucleus. 
X 2060. Pig. 37. Basidium with nucleus in prophase of first post-fusion division, x 2060. 
Pig. 38. Basidium with nucleus at end of first post-fusion division, x 2060. Pig. 39. 
Basidium, two-nucleate, the nuclei in the second post-fusion division, x 2060. Pig. 40. 
Basidium with nuclei near the end of the second post-fusion division, x 2060. Pig. 41. Ba- 
sidium with two nuclei in division, one nucleus in advance of tlie other, x 2060. Pig. 
42. Ponr-nucleate basidium. x2060. Pig. 43. Basidium with four sterigmata and four 
nuclei approaching end of second division, x 2060. Pig. 44. Basidium with four sterig- 
mata previous to sjiore formation, x 2060. Pig. 45. Pour-spored basidium, the spores 
immature, x 2060. Pig. 46. Basidium with developing spores, two niiclei still in the 
basidium. x 2060. Pig. 47. Basidium with three mature sjiores and one nucleus passing 
through the sterigma. x 2060. Pig. 48. a. Mature spores from x>ernianeiit slides, x 2060. 
h. Spores from a fresh mount, x 2060. Fig. 49. Young paraphysis from fertile zone, pre- 
fusion. X 2060. Pig. 50. Paraphysis from fertile zone, the nuclei fusing, x 2060. Pig. 51. 
Paraphysis with nucleus dividing, x 2060. Pig. 52. Mature uninucleate paraphysis. x 2060. 
Pig. 53. Mature binueleate paraphysis. x2060. Pig. 54. ITninueleate post-fusion hasidium. 
X 2060. Pig. 55. Uninucleate post-fusion paraphysis from the same x>rex)aration as fig. 54, 
and adjacent to the basidium figured there, x 2060. 
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45, 46, 47). Biiore formation and unclear migration are not always 
simultaneous in the same basidinm (fig. 47). The spores are aiiparentl}" iiiii- 
niieleate. In only one did two nuclei appear to he present. Peck (1882) 
claimed that the basidia were two-spored. Neither fresh inoiuits nor serial 
sections eonfirined this statement. One basidinm, already past spore-bearing, 
seemingly had two nuclei still in the cell, Avhieh was almost devoid of cyto- 
plasm ; one of these iiuclei likewise seemed to be disintegrating. If so, it may 
be that when and if two-spored forms occur the extra nuclei degenerate. 

In the development of the paraphyses in the hymeniuni it appears that 
their nuclei go through karyogamy, after which one division may occur, 
although commonly there is no further nuclear change after fusion (figs. 49- 
53). Mature uninueleate paraphyses are readily separable from uninucleate 
basidia by reason of form and size (figs. 54, 55). Pusiforin eystidia usually 
undergo one diAusion after fusion of their nuclei and then reniain eonspieu- 
oiisly binueleate (figs. 57-59). 

The cells which comprise the sterile layer arise in the same manner as 
basidia: from the ends of hyphal filaments. As soon as the cap is distin- 
guished from the stalk, but long before its tissues are inature, it is possible 
to recognize the hyphae Avhieh become the cells of the sterile regions and 
those which will become the hymenial layer. Th former are definitely larger, 
more fusiforni, and less densely filled Avith cytoplasm. The sterile cells ma- 
ture in adAuince of the basidia, as has been already pointed out. Nuelear 
fusion occurs here as in the eystidia and basidia and is then folloAved bA' one 
division (figs. 60-62). No subsequent diAusion Avas noted and in mature 
basidioearps these cells quite commonly have no nuclei. Since chroinosoinal 
elements are too small to distinguish as units, it is impossible to say whether 
the one diAusion that folloAVS fusion in the sterile cells is meiotie. 

In any part of the fructification the Amntricose-rostrate eystidia are the 
most striking elements. Their nuclear history is clearly defined. The nuclei 
of the dikaryon enlarge, come together, and thereupon the membra iu‘ breaks 
doAvn at the point of contiguity (figs. 63, 64). A large fusion nucleus results 
AAdiieh proceeds from a conspicuous prophase (fig. 65) tlirougb smc'cssixa^ 
kaiyokinetie stages, and ends Avith the return of the binm4(‘ate condition 
(figs. 66-68). Further diAusion does not seem to oeciir and tiie two nucho. 
remain more or less central in the cystidium. No indication of future <lis- 
integratioii Avas noted, although the cytoplasm becomes more Aaiciiolate A\'itli 
maturity. 

Obviously the variation A\diich attends the formation of the sterile cells 
is more striking than the already Avell-knoAvn pattern of the liasidiuui devel- 
opment, Cytologieal studies dealing Avith the sterile elements of the basidio- 
mycetes are relatively few. Whelden (1936) cited Avhat literature there is on 
the subject when he published an account of eystidia! and gloeot-ystidial be- 
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liavior in a species of Penurphora^ one of the ThelepJioraceae. Wlieldeii 
traced tlie nuclear changes in eystidia from the fusion of the dikaiyoii nuclei 
througli one diYision of the fusion, nucleus. After tliis the nuclei disintegiaite 
and later disappear completely. The development of the gi.oiH)cysli(Ua re- 
mains obscure because of their dense content. However, glo(.‘oc^^stidia are 
definitely distinguished from cystidia because they arise as lateral branches 
of the deeper hyphae of the mycelium and not as hyphal tips, from which 
tlie cystidia are formed. 

In PJiysalaeria there are four distinct types of sterile ceils, already de- 
scribed. Of these three types take their origin from hyphal tips: namely, the 
paraphyses found amongst the basidia, the projecting fusiform cystidia, and 
the inflated fusiform cells of the sterile tissue. Although all these have a com- 
mon oiigin their subsequent history is not identical; but in none of them 
does nuclear development proceed beyond one division, of the fiision iiueleus. 
It would be interesting to know the exact nature of this division, whether it 
is meiotic or not, but the niudei are too small to permit chromosome counts. 
The origin of the ventricose-rostrate (wntidia is various. At times it is dis- 
tinctly from a terminal cell, but when the eystidium remains disposed in- 
ternally within tlie reticulum it may arise from a lateral cell. In these fusion 
and one di\'ision tliereafter are clearly demonstrable. 

The first tliree types of cystidia are coniparable in tlieir origin to a 
basidium, though, niorphologically they are distinct in early stages of devel- 
opment. Certainly the ^^entricose-rostrate cystidia are distinct from the be- 
ginning. Tlieir origin, even when, terminal, seems to be associated with the 
internal tissues and since they do not take their origin from surface cells it 
is likely that their primordia are not comparable to the basidial primordia. 
They would ajipear to be modified cells of the internal mycelium, some of 
■wliicli ])us]i tlirough the surface layers to the outside, and some of which 
remain inside. Ivrieger (1923) referred to these ventricose CA'Stidia as 
^Cliiets,'’^ but nothing to sux^port this contention, was observed. 

As McGuire (1939) has stated, the determination of fertile and sterile 
areas is relati^^ely obvious, owing to the more compact appearance of the 
basidial layer and. the greater frequency of the projecting cystidia in the 
sterile parts. Twelve basidiocarx>s of mature diff'erentiation were sectioned 
serially and compared for hymenial distribution. From these it was apparent 
that little if any regularity pertains to the distribution of the liymeniiim. 
McGuire found experimentally that the basidiocarps do not invariably grow 
erect, but the hymeniuni may be directed downward. In the material used 
here six basidiocarps had hymeniuni onlj^ on the lower surfaces near the 
stalk, and none on the upper surfaces (flg. 101). It may be assumed that 
these six grew more or less upright. Three had the liymenium predominantly 
situated on the surfaces away from the stalk. Their position might have been 



276 


BULLETIN OP THE TORREY CLUB 


[VOL. 68 


inverted or lateral (fig. 103). One basidiocarp had the hymeiiium spread 
irregiilariy over all portions of the cap, sometimes even ampliigeiioiisly in 
single sections, thongh one lateral aspect was intermittently fertile, and 
hence may liave grown slightly obliquely (fig. 102). Another basidiocarp had 
a hyiiieriinm so scattered in all parts that its position miglit have been only 
slightly lateral, or almost erect (fig. 105). Three connate basidioc-arps dis- 
played in section both under and upper surfaces fertile (fig. 104). To such 
basidioearps McGuire’s statement that the hymenium invariably ''oeeiipies 
the portion of the head which is actually turned downward” could not 
apply. It seems that tlie most definite conclusion one can draw is that the 
hynienial distribution is highly irregular and that it is luw^er completely 
amphigenous over the surface of the cap, but that apparently there is a 
predisposition for the under surfaces to be fertile. 

TAXONOMIC POSITION 

Ordinarily the family Clavariaceae is classified between the Thelepho- 
raceae and the Hydnaceae. As usually defined the family ineludes genera 
whose erect sporoearps are either simple or branched in varA’-ing degrees of 
complexity. The hynieiiium covers -Gnost of the plant, usually all except a 
more or less well defined base or stem, Avliich may fade imperceptibly into 
the upper part or be more or less delimited by a change in size or color” 
(Coker 1923). Nearly all taxonomic treatments summarize tills diagnosis b}’ 
sa-\dng briefly that the hymenium is amphigenous. If such a criterion is to be 
applied without any latitude, Fhymlacria will be excluded from the famil\'. 

But the confusion which has attended the understanding of the genus 
PhysaUxcria extends to the family as a wliole. Distinctions amongst the com- 
paratively few genera included in the Clavariaceae (eight in Killerman 
1928) are none too satisfactory. Intergrading of some genera makes their 
limits indeterminate, and lack of information or mismiderstaiiding of struc- 
ture of others has led to false assumptions. Genera liaAn been set apart vari- 
ously, but chiefly on differences in form and texture of tlie basidiocarp ; dis- 
tribution of the hymenium; distinctions of head and stalk regions; presence 
or absence of selerotia; and the number of spores borne by the hasidia. 
These lines of segregation fail to seiiarate all genera distinctly. As a result 
some forms have been shifted to other families and even new familii^s einMed 
to satisfy variations. 

For example, Kemsberg (1940) has pointed out tlie eonfusion existing 
between Typhula and Pistillaria, when the distinction betAveen tluun relies 
on body form or texture. The presence of a sclerotium in Typhula she finds 
the onhy good single morphological criterion which is consisteiitl\’ reliable, 
although the presence of a SAvollen hymenial portion, the claviila, would seem 
to be concomitant. Except for this definite character, representatives of 



1941] 


BAKER ; PHYSALACRIA 


277 


Pistillaria or Clavaria niig-lit 'vvith equal warrant be referred to tlie genus 
Typhula. 

Numbers of spores have not proved good criteria, as witness the {daiiii 
often adAaineed that Pisiillaria basidia are two-spored whereas those of 
Typhula are four-spored (Killerman 1928, Bessey 1935). The fallacy of 
rel.ying upon such a distinction is clear when one consults lleinsberg’s work, 
which showed that two- and four-spored basidia occur freely in t,\'pieal 
species of the same genus, and one species is six- or eight-spored. Nor is such 
variability limited to Typhula. Amongst the species of Physalacria observed 
some are consistently tivo-spored, others are consistently four-spored, and 
again, in the same species and more particularly in the same basidiocarp, 
both tw’o- and four-spored basidia occur. Furthermore, in Clavaria^ defined 
as a Uyo- or four-spored form, some species have six and eight spores. This 
would explain Wakyama’s statement that the Clavaria basidium has eight 
nuclei ; in all probability he had an eight-spored form. No Clavaria basidium 
of the four-spored type has been noted with more than four nuclei. 

The question of distribution and position of the liymenium has led to 
i^arious changes in the family. If only those forms which are distinctly am- 
phigenous are to be regarded as Clavariaceae, those genera, of which there 
are several, whose hymenial distribution is scattered will have to be classified 
elsewhere. Several such redistributions have been suggested. Krieger (1923), 
struck by the superficial resemblance of the under lobes of Physalacria in flat a 
to the gills of agarics, proposed to move Physalacria into a new, transitional 
family, the Eoagaricaceae. Coker (1923) misled by this precipitate judg- 
ment, followed Krieger ’s suggestion and consequently failed to recognize the 
genus amongst the Clavariaceae. McGuire (1939) pointed out that the fertile 
parts of Physalacria were not necessarily on the under side, as Krieger 
thought, but because they seemed to be unilateral he advocated classifying 
the genus with the TheUphoraceae. Similarly SiMrassis has been transferred 
to the Thelephoraceae because its liymenium occupies the under sides of the 
lobes (Cotton 1912), with lyhich assignment Coker (1923) concurs. Sterile 
lines and areas here and there over the surface of Clavaria have long been 
accepted (Coker 1923), particularly in the forks, though apparently there 
is no known relationship between the distribution of the liymenium and its 
position. Clavarias have been found with not only scattered hymenial areas 
but some blunt projecting cystidial cells. Just as in Physalac/ria, fertile and 
sterile areas may be recognized by their denser palisade layers. In two species 
examined these areas were quite distinct, somewhat scattered, and the fertile 
layer tapered off gradually at the stalk. This returns the question then to the 
amphigenous nature of the basidiocarp. On that basis Physalacria can only 
be removed if all other forms without completely amphigenous hymenia are 
removed too. 
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111 tiie of tlie foregoing' remarlvS it would appear tliat it would be 

more feasible first to establish, limits for the family Clavarmceiie that are 
broad enorigli to iiieliide these variations, rather than to scatter too wa’dely 
tliose forms idiich sliow basic relationships. When more critical knowledge is 
acciimiiiated for the different genera, re-arrangements and transters may be 
in order. B\)r the present any transfer of Physalaeria from the Clavayiaceae 
would seem entirely unnecessary as Avell as untenable. 

In iTwiewing the published descriptions of already establislied species of 
Physalaeria, a fairly large number is found, thirteen, some of which do not 
appear to be valid. Of the total only three have been, reported from United 
States. The majority of the remainder are from various parts of the tropics. 
In addition to previously described forms, speeimens collected by G. "W. 
Martin in Panama and Colombia seem to be distinct. Inasniiudi as it wvis 
impossible to see representatives of all described species, any treatment of 
the genus as a whole must be tentative. However, since no comprehensive 
study of the genus exists, descriptions of species seen may proAn useful, and 
a provisional key based in part on publications may serve until such time 
as more specimens can be critically studied. 


KEY TO THE SPECIES 


1. Basidiocarps predoiniiiantlY gloluUar, rugose, liollow 2. 

1. Basidiocarps conical, usually small, smooth or rugose, liollow 10. 

2. Basidiocarps yellow or pale ocliraceous 3. 

2. Basidiocarps white or cream colored, o.ften pruiiiose 4. 

3. Spores elongate-elliptical, 13-17 x 2.5-3 P. Chisiae. 

3. Spores oval, 4x3 p P. stilhoixiea, 

4. Basidiocarps large, over 1 mm. in diam. 5. 

4. Basidiocarps small, under 1 mm. in diam. 7. 

5. Basidia typically four-spored P. inflata. 

5. Basidia two- or foiir-spored 6. 

6. Spores ovoid-elliptical, 6-7 x 3. 5-4.5 a /’. arinucrn.sis, 

6. Spores ovoid to subglobose, 4.5~6.0 x 3-3.5 u J\ </af(i. 

7. Cystidia lacking, spores roughened P. Jh!})ibusae. 

7. Cystidia present S. 

8. Cystidia conical, flask-shaped, 30 x 8 u P. villosa. 

8. Cystidia chiefly veiitricose-rostrate 9. 

9. Cystidia infrequent, 22-35 X 5-15 p, P, Laii^Poi.sii. 

9. cystidia with, conspicuous red-brown resinous heads, 70 x 6-8 (-10) u . I\ 

10. Basidia four-spored P. Dccdri/i. 

10. Basidia two-spored IL 

11. Spores 7-10 x 4-5.5 j.i P. 

11. Spores smaller, ovoid-elliptical to pyriform, 3.1-4 x 1.5-2 p P. Sancfae-Martue. 


Physalacria Clusiae Sycl. Aim. Mye. 28: 35. 1930. Fiji'. 76. 
Basidiocarps globose, or slightly clepressed-globo.se, tlic liynu'iiimii 
amphigenons ; growing over areas measuring 1.4 cm., chistcivd’ oc iu)t, 
oeliraeeous-yellow; stipes short, 150-220 p long, 80-140 p in difiui.; liypiiae 
2-4p thick, irregular, rigid and parallel in the stipe; cystidia more V le.ss 
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prominent, clavate or cyliiidrieal-elavate, 20-50 x 10-20 p, sometimes pos- 
sessing an oih^-resinons head; cystidia in the stipe short and ivitli a thick 
cOAmring*; basidia claAmte, 25-30 p, steriginata 2-4 (-10) p lojig; s])ores 5m me 
or less distin(3tly fusoid, directly or slightly unequal, the apex gTadiially 
attenuated, the base abruptly attenuated, possessing a feAV or numerous 
minute guttules, continuous, hyaline, 13-17 x 2.5-3 q. 

The only representative of this species see5i aa'Es so iininatiire that critical 
characters could not be cheeked. The description is taken from that of 
SydoAV. Described from Venezuela. 

Venezuela: Puerto La Cruz, Dec. 30, 1927, Svdow, 760, type (in ParloAv 
Plerb.). 

PHYSALACRIA STiLBOiDEA (Cooke) Sacc. Syll. Fling. 9: 256. 1891. Pistil- 
lina stUhoidea Cooke, Greic 19 : 2. 1890. 

From the description of this fuiigiis in Saccardo, it appears to be char- 
acterized by fiesh^^, gregarious basidiocarps, pale ochraceons, stipitate, erect, 
capitate, minute, scarcely 3 mm. high; the head is globose-depressed or 
globular, holloAAq hymeniferous, 0.25-1 mm. in diam. ; stipe cylindrical, ecpial, 
solid, pruinose, 1.5 mm. long, expanded at the base; basidia cylindrico- 
elavate, hyaline ; spores hjmline, 4 x 3 p. 

Described from Ncaa' Zealand. No specimens Avere available for study. 

PHYSALACRIA iNPLATA (ScliAv.) Peek, Bull. Ton*. Cliib 9 : 2. 1882. Mitrula 
inflat a ScIiav. in Fries ^ Elenchus Fimgoriim 1: 234-235. 1828. Eoagaricus 
inflatus (ScIiav.) Kr. Md. Acad. Sci. 3: 8. 1923. Figs. 1-68. 

Basidiocarps gregarious, sometimes confiuent, or scattered, AAdiite, capi- 
tate, globose to subglobose, much folded at maturity, hollow, up to a feAA^ 
cm. in diam. ; borne on a distinct stalk, centrally or laterally attached, solid, 
tapering from base to apex, often pruinose from projecting cystidia; 
hymenium occurring ouIa^ in restricted areas over the surface of the head, 
commonly on the side directed doAViiAvard ; cystidia of various form : ventri- 
cose-rostrate 26-52 x 4-10 p, projecting aboA^e the surface as much as 30 p ; 
fusiform cystidia abundant in the sterile areas, less common in the fertile 
tissue, 40-50 x 4-6 p, the tip occasionally thickened, projecting up to 50 p ; 
paraph 3 ’'ses amongst the basidia non-emergent, unencrusted, 27-31 x 2-3 p ; 
basidia four-spored, 15-18 x 4-5.5 p ; spores hyaline, uninucleate, ovoid- 
elliptical, 4-6 X 2. 5-3.5 p ; groAving on dead Avood or leaves. 

Canada : Ontario, Aurora, Sept. 25, 1934, E. F. Cain 3250; London, Oct. 

26, 1889, Dearness, ex Ellis Coll., 980 (in Herb. N. Y. Bot. Card.) ; Ontario, 
MagnetAvan, Sept. 1921, L. G. C. Krieger 1310 (in Herb. UnN. Mich.). 
United States — pennsylal4nia : Keshan Fall ; new Hampshire : Shelburne, 
June 1888, Farloiv, ex Ellis Coll.; Maryland: Aug. 5, 1891, SUtrgis; (in 
Herb. N. Y. Bot. Gard.) ; avisconsin: Door County, Jacksonport, July 25, 

27, 1935, Baker 124; Nebraska: DeWitt, June 12, 1938, J. M. McGuire (in 
Herb. Univ. loAva). 

PHYSALACRIA ORiNOCENSis Pat. and Gaill. Bull. Soc. Myc. Fr. 4: 41. 1888. 
Figs. 77-82. 

Basidiocarps globose, fairly smooth AAdien young, becoming lobed and 
gyrose AAuth age; white to cream to buff when dry, 0.58-1.6 x 0.55-2 mm., 
borne on straight or slightly curved, slender stalks, 0.55-0.75 (-3.5) mm., 
sometimes expanded basally, but not projecting far AAuthin the head, and 
terminating there in a few uneA’'en strands; h^uiienium not amphigenous, 
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15-24 p thick; subliynieiiiuni scant, rather coarse, about 10 jj thick, resting* 

on a thin layer of reticulate hyphae ; cystidia numerous, ventricose-rostrate, 
often quite large and conspicuously encrusted; smaller fusiform and unen- 
crusted evstidia, not projecting, 12-13 x 3 q ; basidia four- or two-spored, 
18-22 X Us |j, steriginata (2-) 3-3.5 p long; spores ovoid-elliptical, sometimes 
flattened slightly on one side, laterally apiculate, rarely guttulate, 6— 
7.5 X 3.5 1.5 jj. 

Venezuela: July 1887, Patoiiillard 81, type (in Faiiow Herb.). Philip- 
pine Islands: Luzon, Mt. Maqniling, Oct. 1920, RemJcmg 10034 (in Paiiow 
Herb.). French Indo-China: Tonkin, Ke So, April 6, 1891, Bon 4696 (in 
Fallow Herb.) ; Hanoi, Demange 299, ex Herb. Pat., 1858 (in Farlow 
Herb.). 

Physalacria aggregata Martin and Baker, sp. nov. Pigs. 88-93. 

Gregaria vel conf erta ; capitnlnm snbgiobosuni vel ellipsoideiim, lobatnin, 
cavum, album, siceo ochraceum, 0.5-2.4 x 0.4-1. 1 mm. ; stipes tenuis, 0.9~1.8 
mm. altus; c^'stidiis duplieibus, ventricosis, rostratis, 50-54 x 9-12 p, et fusi- 
forniibus, incrustatis, 50 x 10 g ; basidiis 4-sporis, raro 2-sporis ; basidiosporis 
ovoideis vel subgiobosis, 3.5-6 x 2-3.5 p. 

Basidioearps more or less spherical, somewhat irregular, lobed, 0.5-1. 2- 
2.4 X 0.4-1. 1 mm.; white when young, drying ochraeeous; stalks slender, 
mostly central, 0.9-1. 8 mm. high; the head hollow, the stalk projecting 
slightly into the cavity, ending in a few scattered strands of hyphae; 
hymenium distributed irregularly over the surface, from 10-15 p thick, 
resting on a compact layer about 10-13 p thick, comiiosed of rather fine, 
interwoven hyphae; stalk of parallel hyphae which arise from a basal zone 
of pseudo-parenchyma and terminate in the head in a compact anastomosed 
mass, not strictly pseudo-parenchymatous as in P. andina, finally dissipat- 
ing in a few strands passing outwards to the margin ; cystidia of the ventri- 
cose-rostrate type 50-54 x 9-12 p, originating well below the hymenium and 
projecting about 8-10 p ; encrusted cystidia 50 x 10 p ; paraphyses in the 
liyineiiium 22x3 p; basidia (10-)12-i4 x 2.5-4 p, four-spored, rarely two- 
spored ; steriginata about 3 p long ; spores ovoid and flattened on one side 
to subglobose, with a definite lateral apieulus, rarelv somewhat reniform 
(3.5-)4.5-6.0x (2-)3-3.5p. 

Panama: Chiriqui, Valley of upper Eio Chiriqui Viejo, July 1, 1935, 
G. W. Martin 2260, 2261, type, 2321, 2321a, 2586 (in Herb. T.^niv. Iowa). 


Explanation of figures 56-68. 

Physalacria inflata. Pig. 56. Detail of sterile surface cells, ineludiiig’ two ventricose- 
rostrate cystidia. x 1250. Pig. 57. Young fusiform cystidiuin, x)re-fusioii, from sterile 
surface of the head, the surface level marked, x 1250. Pig. 58. Nuclei dividing in a 
cystidiuin from the niargiii of a stalk, x 1250. Pig. 59. Pre-fusion, two-nucleate eystidium 
from surface of the stalk, x 1250. Pig. 60. Sterile cell from sterile zone with the nuclei 
fusing. X 2060. Pig. 61, Sterile cell from sterile zone, the post-fusion nucleus dividing. 
x2060. Pig. 62. Division of the post-fusion nucleus in a sterile surface cell, x 2060. 
Pig. 63. yentricose-rostrate eystidium, two-nueleate, and pre-fusion, x 2060. Pig. 64. 
Fusion of nuclei in ventricose-rostrate eystidium. x 2060. Pig. 65. Prophase of post- 
fusion division in ventricose-rostrate eystidium. x 2060. Pig. 66. First division of fusion 
nucleus of ventricose-rostrate eystidium. x 2060. Pigs. 67, 68, End of tlie first division 
in the ventricose-rostrate cystidia. X 2060. 
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Physalacria Bambusae von Holinel, Sitz.-ber. AkacL Wiss. Wien. 118: 
290. 1909. 

No material of tliis species was seen. According* to the piiblisliecl descrip- 
tion the gregarious basidiocarps are from white to somewhat yellowish when 
di\y, with heads up to 330 g broad, vesicular, hollow, globular or ovoid, 
tapering when dry; stipe solid, cylindrical, of thin parallel or irregular 
hypliae 3-5 g thick, 360-450 x 40-60 jj ; cystidia lacking ; basidia, 12-14 x 
3^ (j with 4 awl-shaped sterigmata, 5 g long ; spores hyaline, globose, finely 
roughened, 3-4 g across; on dead bamboo canes. Described from Java. 

The lack of cystidia and the faintly roughened spores should distinguish 
this species clearfy. 

Physalacria villosa Petch, Ann. Roy. Gard, Peradeniya 6 : 206. 1917. 

Since no material of this form was available, Petch 's aecoiint is given in 
brief. Basidiocarps white, heads globose, up to 0.4 nun. in diani. ; stalk up 
to 0.7 mm. high, tapering from base to apex, 0.1 min.-40 jj respectively, 
twisted above, fibrous, rough, with minute crystals and covered with cys- 
tidia, 30x 8 [j, thick-walled, sometimes sub-capitate; basidia four-spored; on 
dead leaves. Prom Ceylon. 

Physalacria concinna Syd. Ann. Myc. 28: 36. 1930. 

Basidiocarps solitary or gregarious, white or yellowish-white ; stipes very 
short, 140-180 jj high, 200 p wide ; head globular or subglobose, collapsiiig 
in the center when dry, veiy finely farinose, 350-600 p diam. ; liyphae 1-3 p 
thick; cj^stidia scattered, clavate or cylindrical-clavate, up to 70 p long, 
6-8 (-10) p wide, sometimes capitate, often red-brown, oily, resinous; 12-15 p 
in diam. ; basidia clavate, 18-22 x 5. 1-6. 5 p, 2 or 4 sterigmate ; sterigmata 
3-5 p long; smaller cystidia abundant among the basidia, acute, up to 28 p 
long; 5-6 p wide in the mid-region; spores oblique-oval, apex a little attenii- 


Explanation of figures 69-99 

Physalacria andina. Fig. 69. Habit sketch of basidiocarps, from Martin < 14. 

Fig. 70. Ijongitiidiiial section, diagrammatic, through a basidiocarp from Marti}t 
X 30. Fig. 71. Basidia from type material, x 937. Fig. 72. Spores from the type mat(M‘ial. 
x937. Fig. 73. Spores from Martin 3489, x937. Fig. 74. .Detail of pseudo-pareiuOiyma 
at top of stalk in.side cap of a basidiocarp from M.artm 34S9. x 450. Flea 75. Cystidia 
from type material, the surface marked. X 937. 

Physalaeria Clusiae, Fig. 76. Habit sketch, type material, x 10. 

Physalacria orinocensis. Fig. 77. Habit sketeli, 4696. x 14. Fig. 78. Three cystidia 
from 10034 and 4696. x 937. Fig. 79. Paraphysis from hymenium, 4696. x 937. Fig. 80. 
a. Spores from 299. x 937. b. Spores from 10034. x 937. Fig. 81. Diagram of internal 
structure from a section of 10034. x 35. Fig. 82. Basidia, 299. x 1550. 

Physalacria Langloisii. Fig. 83. Habit sketch, 91. x 14. Fig. 84. Paraphysis from 
type. X 1550. Fig. 85. Basidia from type, x 1550. Fig. 86. Cystidia from type, x 1550. 
Fig. 87. Spores from type, x 1550. 

Physalacria aggregata. Fig. 88. Habit sketch, 2261. x 14. Fig. 89. Diagram of 
section, 2261. x47. FiG. 90. Cystidia from 2261. x937. Pig. 91. Paraphysis from Iiy- 
ineniiim of 2321. x937. Fig. 92. a. Basidium, 2321. x 1550. b. Basidia, 2261. x 1550. 
Fig. 93. a. Spores, 2231. x 1550, Spores, 2260. x 1550. c. Spores, 2261. x 1550. 

PhysMacria Sa7ietae-Martae, FiG. 94. Habit sketeli, 3654. xI4. Fig. 95. Diagram 
of longitudinal section, 3654. xl4. Pig, 96. a, Cystidiiim, 3485. x 937. h. Cystidium, 3654. 
x937. Fig. 97. Habit sketch, 3485. x 14. Fig. 98. Basidia, 3654. x 1550. Fig. 99. a. 
Spores, 3654, x 1550. b. Spores, 3704. x 1550, 
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ated, tlie base rounded, minutely apieiilate, apiciilus iiiiilateral, 6-”8 x 3.0- 
3.5 [_{, eoiitiniioiis, liyaliiie. Described from Yeiieziiela. 

No examples were seen. The foregoing* is taken from Sydow’s aceount. 

Physalacria Langloisii Ellis and Everhart, Jour. Myc. 4: 73. 1888. 
Figs. 83-87. 

This species, originally described from the southern United States, is 
now more vudely distributed. Basidiocarps white or slightly yellowish, with 
heads from subglobose to somewhat attenuated or depressed above, becom- 
ing* hollow at maturity, 0.25-1 mm. in diam. ; stalk fibrous, slightly pubes- 
cent, 0.3-1 mm. or more long, usually very long in proportion to the whole 
basidiocarp; surface of the head not amphigeiioiis ; cystidia 22-28 x 5-7.5 p, 
projecting 7-13 p above the surface, (aceording to Ellis and Everhart the 
cystidia are 30-33 x 15 p), clavate, often wuth a median constriction, or 
ventricose-rostrate, but never very abundant; paraphyses with the basidia 
more or less fusiform, 12x2 p; basidia 11-13 x2.5-3 p (Ellis and Everhart 
say 12 x 2.5-3 p); four-spored, sterigmata short; spores ovoid-elliptical, 
sometimes flattened on one side, or more rarely a little renif orm ; apieulus 
unilateral, 4.2-5 x 1.5-2 p (Ellis and Everhart say 4.5 x 2-2.5 p). 

United States — ^IjOUisiana: Langlois, type, ex Herb. Ellis, (in Parlow 
Herb.). Florida: Coconut Grove, Thaxter 91 (in Farlow Herb.). 

Physalacria Decaryi Pat. Mem. Acad. Malgache 6 : 10. 1927. 

Basidiocarps entirely white, on decaying wood, in small tufts 3-4 mm. 
in extent ; heads cylindrical, truncated at the top, hollow, attaining a height 
of 1 mm.; cystidia hyaline, projecting, 25 x 9-10 p, with an apical beak; 
spores hyaline,- ovoid, 3-4 p ; stipe slender, 150-200 p tliick, bearing cystidia 
which are 45 x 12-15 p, also ending in a beak. 

The author’s description is drawn upon for the preceding account. In 
addition he remarks that this species is very closely related to P. andina and 
P. orinocensis, but that it is distinguished by its cylindrical form with the 
truncated summit and by the beaked cystidia. No specimens were obtained 
for examination. Described from Madagascar. 

Physalacria andina Pat. Essai Taxonomique, 50. 1900. Physalacria 
orinocensis var. andina Pat. and G. de Lagerheim, Soc. Myc. Fr. Bull. 9 : 136. 
1893. Physalacria tenera Syd. Ann. Myc. 28: SS, 1930. Figs. 69-75. 

Two specimens from Patouillard’s herbarium were examined, one of 
wdiich was the type. Examinations were made in a lacto-phenol preparation, 
in addition to which one basidiocarp was imbedded and sectioned in paraffin. 
The typical P. andina basidiocarp is from definitely conical to acuminate 


Explanation of figures 100-105 

nysalacria infiata. Fig. 100. Diagrams showing distribution and frequency of large 
projecting cystidia in sterile (upper) and fertile (lower) surfaces with the surface level 
and limit of hymenial layer marked with dotted lines. Areas equivalent in extent, x 550. 
Fig, 101. Diagram of basidiocarp showing hymenial distribution limited to the lower sur- 
face. Fertile areas I’epresented by dotted lines, x 15. Fig. 102. Diagram of basidiocarp 
with irregularly distributed hynienium, at times practically amphigeiioiis in its surface 
distribution, x 15. Fig. 103. Diagram of basidiocarp showing hymenial distribution on 
surfaces away from the stalk region. X 15. Fig. 104. Diagrammatic view of tliree connate 
basidiocarps with hymenial surfaces on both under and upper sides, x 7.5. Fig. 105. 
Diagram of basidiocarp with very irregular hymenial distribution, x 15. 
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from tlie beg'ini.iiiig' and only rarely is the head curved or flexiioiis, 1-3.5 
iniii. liigh, 0.3-2 inin. across ; stalk relatively short at niaturity, 0.3-0.75 inm. ; 
expanded head 1-2.4x0.35-1.2 mm.; surface smooth or slightly rugose, 
white to deep cream when moistened, appearing decidedly farinose ; hollow, 
but the entire cavity penetrated by sturdy hyphae radiating from the pseudo- 
pareiiehymatous end of the stipe which extends about 100—300 p inside the 
liead ; stalk hyphae compact, parallel in arrangement, witli somewhat thick- 
ened walls, biiiucleate cells; not amphigenous, the surface distingnished hy 
definite fertile and sterile parts ; fertile area composed of hynienium, 25-30 p 
thick ; subhymenium, 15-20 p thick, poorly defined ; and a basal reticulum 
which connects with the strands from the stalk ; cystidia chiefly ventricose- 
rostrate, 30-40 x 12-15 p, projecting 15-22 p above the surface ; basidia con- 
sistently bispored, ( 20- ) 22-24 x 4-5 p, sterigmata about 3p long; spores 
from ovoid to subglobose with a definite apiculiis, biiiucleate, 7-10 x 4-4.5 p. 

Because of the dried condition of the material when fixed, no satisfactory 
evidence of nuclear behavior in the basidium could be obtained. Presumably 
the basidia are four-nucleate and tivo nuclei move into each spore, for no 
division figures in the spores were in evidence at alL 

P. tenera Syd. is here regarded as the same as P. andina Pat. Certainly 
the material examined gave no justification for maintaining the former as a 
separate species. The basidiocarps measured 0.75-1.2 min. x 0. 5-0.8 mm., 
with stalks 0.4-0.75 inm. in height. These measurements are a little iindei* 
those which Sydow gives (0.75-1.5, rarely 2 mm., with stalks 0.4-1.4 mm.), 
and both sets of measures are under those of P. andina. In section there is no 
critical difference between them, however. Cystidia range from 40-50 p and 
project for 15-25 p. The basidia, bispored, are 23-29 x 4-^.5 p (Sydow quotes 
20-25 X 5-6 p); spores 7-10 x 4-5.5 p; Sydow says 6-11 (-12) x 2.5-3.5 (-4). 

A collection from Colombia, Martin 3489^ is luidoiibtedly to be included 
with the foregoing. The basidiocai^ps, typically conical, measure 0.8-1. 2 x 0.4- 
0.6 mm., with stalks 0.3-0. 5 mm. Their appearance in section is the same as 
the preceding forms. The basidia, bispored, range from 20 to 22 x 4.5 p ; the 
spores are bi-nucleate, (5.5-)8~9 x 3.e5-4.5 p. The variations in size amongst 
these basidiocarps and their basidia and spores is not excessive eiioiigli to be 
significant. The similarity of the internal structure in all three leaves little 
doubt that they cannot be separated. 

Ecuador: Pnlulahua, Feb. 1892, de Lagerheim, type (in Farlow Herb.) ; 
March 1892, de Lagerheifn (in Farlow Herb.) ; inter El Liinoii et Colonia 
Tovar, Jan. 19, 1928, H . Sydoiv 759 (in Farlow Herb,). Colombia — magda- 
LENA: Sierra Nevada de Santa Marta, Hacienda Ciiicinnati, Aiig. 18, 1935, 
G. W. Martin 3489 (in Herb. Univ. loAva). 

Physalacria Sanctae-Martae Martin and Baker, sp. nov. Figs. 94-99. 

Gregaria; capituliim eliipsoideum vel eonieum, eaviini, album, sieeuin 
sature ochraeeuni; stipes tenuis, 0.8-1. 6 (-5) min. altus; cystidiis fusiformi- 
bus, parietibus supra crassis, 35-46 x 8-10 p ; basidiis 2-sporis ; basidiosporis 
ovoideis vel piriformibus, 3.1-4 x 1.5-2 p. 

Basidiocarps well developed, ellipsoidal to somewhat conical, pure white, 
with conspicuous infoldings, l.lr-2.5 x 0.8-1.5 mm., supported by a slender, 
centrally attached stalk, 0,8-1. 6 (-5) mm.; pendent; hymenium not ainphi- 
genoiis, 10-15 p thick ; snbliymenium slight, about 5 p, resting on a retieiilnm 
40-45 p thick ; cap entirely hollow, the stalk ending abruptly, in a manlier 
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similar to that of P. inflata; eysticlia not prominently beaked, tapering* 
markedly, the surface thickened for approximately one-third Hie length, 35- 
46 X 8~~10 p, projecting about 12 p ; basidia two-spored ivilii slender sterig- 
mata, x 1.5-3 p ; spores small, OYoid-eiliptieal to ])\'ritorm, a[)itnilus 

lateral, 3.1-4 x 1.5-2 p. 

Colombia — magdalena: Sierra Nevada de Santa Marta, Ilaidenda Cin- 
cinnati, Aug. 18, 1935, 6r. W. Martin 3485, type (in Herb. IJuiv, Iowa) ; 
Cerro Trail, Aug. 23, 1935, G, W. Martin 3654, 3701 (in Herb. 

Uniw Iowa). 

SPECIES EXCLUDENDAE 

Pkysalacria rngosa Rick, Broteria 5: 12. 1906. This species is described 
as represented by basidiocarps nearly 0.5 mm. in diaiii,, hemispherical, 
fleshy to somewhat waxy, rugose, stalk priiinose; basidia clavate, 25 p, sterig- 
mata 3-6 p long ; spores 3.5 x 2 p, subhimline ; on wood. Described from 
Brazil. 

Lloyd remarks (17) ‘‘there has been recently a species (Physalacria 
rngosa) named from Brazil, which I judge from the description is the same 
as our United States’ species.” 

Two collections of Rick’s purporting to be this species were examined 
but neither proved to be a Physalacria, Until authentic material is found it 
had best be assumed that the species is not a good one. 

Brazil: Sao Leopoldo, Rio Grande do Sul, 1929, Pick; 1928, Eick, ex 
Herb. F. Theissen, (in Farlow Herb.). 

Physalacria solida F. E. and S. E. Clements, Exsicc. Colo. Fungi. The 
specimen seen did not present typical physalacrian characters, in particular 
the basidia, which were apparently a heterobasidial type. For this reason it 
must be excluded from the genus. 

United States — Colorado : Minnehaha, Sept. 7, 1906, F. E, S, S. E. Cle- 
ments 333 (in Farlow Herb.). 


SPECIES DUBIA 

Physalacria changensis Rost, in Sacc. Syll. 17 : 203. 

The author wishes to acknowledge her indebtedness to the staff of the 
botany department of Columbia University for placing the full facilities of 
the department at her disposal during the preparation of this paper, and in 
particular to Professor J. S. Karling for the reading of the manuscript ; to 
Professor G. W. Martin of the University of Iowa for his tropical collections, 
the naming of the new species, and his continued counsel ; and to the Farlow 
Herbarium of Harvard University for the use of the library and herbarium. 
Department op Plant Science, VxIssar College 
Poughkeepsie, New York 
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PAPULASPORA GLADIOLI 


B. 0. Dodge and Thomas Laskaris 
(with two figures) 

Much work has been done during* the past thirty or forty years on conn 
diseases of gladiolus. When the complete story is not yet known there is 
bound to be some confusion regarding those symptoms which can be used to 
distinguish rots due to particular organisms or agents. Paragraphs with 
practically identical wording have been published to describe certain phases 
in conn diseases which were claimed at times to be due to three entirely dif- 
ferent fungi. If one compares lists of symptoms given by various authors 
characterizing scab, heart rot, dry rot, and Fiisa?itim rot, he will see the need 
for a much more careful study of all corm diseases to determine whether the 
same disease conditions may not be due to different sets of organisms or 
agents at different times and under different environmental conditions. Not 
enough attention is given to the work of bulb mites, thrips, and other organ- 
isms, which pave the way for invasion by fungi that may be at most only 
weak parasites, so that one attributes the disease to a certain species at one 
time and to some other species at another time. 

Under the title “The ^smuU disease of Gladioliis/^ the writers (1941a) 
have pointed out that there is evidence that the fungus which all previous 
authors, including Wernham (1938) and Zundel (1939) in America, have 
assumed to be a true smut fungus, Urocystis Gladioli ^ is merely the Fap dia- 
spora stage of some other fungus, probably an Ascomycete ; at least it is not 
a smut at all. We have found the fungus at various times on about 20 per 
cent of diseased corms (fig. 1 A) in collections made from a commercial 
storage house. A core-rot disease caused by a Sderotinia (Botrytis) is being 
further discussed in another paper now in press (1941b). It is true that 
there is a great similarity between the bulbils of certain species of Papula- 
spora and the spore-balls of a Urocystis. Figure 2 B, C, shows two bulbils 
of the gladiolus fungus. 

The method of origin of a spore-ball of U. Colchici, as figured by Winter 
(1876), is much like what one sees in a young culture of our Papulaspora. 
While a few smut fungi have been induced to complete their life cycle, forni- 
ing chlamydospores in culture, it requires special methods of culture and a 
long time for the smut to reach maturity. This Papulaspora produces its 
bulbils (fig. 1 B, C) in great numbers within a week’s time. Each fertile 
cell of a Urocystis spore-ball theoretically contains two haploid nuclei at first, 
and these fuse at the maturity of the spore. The central cells of a bulbil of 
this Papulaspora are muitinucleate, as is readily shown in cytological prepa- 
rations. The lighter colored boundary cells also contain three or four, or 
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Pig. 1 A. Conns sliowhig types of lesions and mmnniitieations on wliieli mats of 
myceliuin and bulbils of Papulaspora Gladioli are formed; B, various types of bulbils; 
C, bulbils on stalks and eharacteristie mycelial liypbae. 
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even more iiiiclei; the hyphal cells are also niiiltiiiiicleate (fig'. 2 E, F). The 
cy to logical picture alone would serve to distinguish hiilbils of our 
Papuldsponi from the spore-balls of a Vrocysiis. The niyt'clium is also quite 
unlike that of a Urocystis. It is more like the mycelium of an Asc'oinycete, 
such as Pleurage or Ascoljolm. The senior writer (Dodge 1920) i)roved by 
single ascospore cultures that Ascobolus magnif cnis has a Papulasj/oni stage 
(F, magnifica liotson). The bulbils have, as a rule, a single large central cell 
which is inultinucleate, as are the outer pale brown, border cells and the cells 
of the vegetative In^phae. This Ascoholus is lieterothallic so that races from 
single ascospores bear only bulbils. When two races of opposite sex are mated, 
not only bulbils but also aseocarps are developed. 

On germinating, smut spores form some sort of a promycelium and the 
nucleus undergoes reduction. The cells of these bulbils of Papulaspora germi- 



PiG. 2 A, Method of germination of bulbil. The hyaline swollen germ tube basal ceil 
is more or less characteristic, something like the pro-germtube of ascospores of ^euro- 
spora; B, bulbil with one large central cell; 0, bulbil with 3 central cells; D, young bulbil 
and its stalk; E, multinucleate hyphal cells; F, semidiagrammatic figure showing location 
of nuclei in a section 5 g thick of a bulbil. (Drawings by W. L. Graham.) 
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iiate very readily (fig*. 2 A) witli siiiiple or branching germ tubes, Aviiieh 
develop into ordinary hyphae with vacuolate cells and very definite cross- 
walk upon which there are several deeply staining granules (fig. 2 B). 
Figure 1 C shows the bulbils borne laterally on stalks. 

The fungus grows very readily on manure, decaying fruit and vegetables, 
and various agar media. Once it becomes established in the soil of a gladiolus 
planting or in storage houses on debris, it could easily develop whenever con- 
ditions were suitable as they are on conns which, are diseased or decaying. 
FemciUinm certainly aggravates storage troubles. The Fapidaspora may live 
mostly as a saprophyte, but also as a very weak parasite, furthering rot or 
disease primarily due to some other agent. 

Smith (1876), who first illustrated spore-balls of llrocystis Gladioli., was 
a real artist. He showed cells of the bulbils readily breaking apart just as 
the}^ do in spore-balls of UrocysHs, His illustrations are very diagrammatic, 
so that the separation of the fertile from the sterile cells may have been 
idealistic. Brefeld, Magnus, and many noted mycologists have since u])held 
Smitlds conclusions, but it should be remembered that liis work on fecunda- 
tion in Coprimis and the formation of oospores by FhytopJithora infestans 
has long since been discredited. 

Since there seems to be little question that the fungus heretofore reported 
as Urocystis Gladioli Requien (Smith) is a good Fapulaspora, we propose to 
call it Fapulaspora Gladioli until some one finds the perfect stage. If 
Requien ’s type is a leaf smut the combination would simply be Fapnlaspora 
Gladioli (Smith). Uredo Gladioli Requien was described in 1830, so tluit 
the specific name will hold if one is guided by common sense and not by the 
style demanded by the rules of noinenelature prevailing at tlie moment. 

The genus Fapulaspora was established by Preuss (1851), the type spe- 
cies being F, sepedonioides. His colored plate shows the fungus on decaying 
apple, and mycelial wefts bearing many sporeballs on lateral branches. In 
general the illustrations would serve A^ery AA’-ell for P. Gladioli, altliougli in 
detail there are some important differences (fig. 1 B, C). Hotsoii (1912) 
adopts the spelling Fapulospora^ but the original spelling by Preuss is 
Faptdasporay which he used on tAvo different occasions the same year. 

We have examined specimens of seA^eral species of Fapulaspora in the 
herbarium of the Ncav York Botanical Garden, Much of this material liad 
been examined by Hotson in former years. Of these P. rnhida is perhaps most 
similaiVto P. Specimens identified as P. sepedonioides hy Sturgis 

have bulbils Avhich are too small for our fungus. We are not eoncerned here 
Avith listing synonyms, but we aausIi to include in the emended description 
measurements of the bulbils and one or tAvo other diagnostic features. The 
original description of Uredo Gladioli by Requien (Diiby 1830) is as follows : 

^ HI. Gladioli (Requien in herb. DC.) bifrons, maeulis circa luteseentibus, 
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aeerviilis nigris suborbieulciribiis sparsis coiifertisque eoiivexis epideriiiide 
biillata elaiisa teetis, sporidiis siibglobosis sessilibiis retieuio pelioeido tenii- 
issiiiio obvoliitis — In Gladiolo circa Aveiiioneni (cl. Eeq.)d' 

Smith’s account (1876) of the fnngiLS on eorms is more to the point: 
^SSori (or clusters of spores in blisters) obliterated or elf used, spores large, 
compound, consisting of from 3 to 6 inner cells and a larger indefinite num- 
ber of transi^arent outer cells, both series of cells being fertile. Habitat — On 
and in conns and scapes of Gladioli.” Smith saw inycelia of various fungi 
and as decomposition progressed the conns were totally destroyed by ^dli- 
verse fungi, infusoria, nematodes and mites.” The ‘Eiisease” was common 
in England that year, but he does not say the spore-balls were found on more 
than the one conn first mentioned. 

Our emended description follows : 

Papulaspora Gladioli (Requien) Dodge and Laskaris, comb. nov. My- 
celium white at first, procumbent, profuse, matted; h.yphae septate, cells 
multinucleate ; bulbils on septate stalks, from light to dark brown in mass, 
spherical, 29-64 q in diameter with from 1 to 6, occasionally more, central 
dark brown, multinucleate cells surrounded by a single la.yer of light brown 
cortical cells, each with several nuclei. Bulbil primordium a lateral branch 
ending in a coil. Cells of bulbils germinate with simple or branched germ 
tubes ; in culture bulbils mature quickly, from 4 to 10 days ; conidia not seen. 

Moore (1939) of England gives the symptoms of the disease in some detail 
in the paragraph ‘^Smut, Urocystis Gladioli (Eeq.) (W. G. Sm.).” 

Hjeaden-coloured, rounded weal-like swellings with yellow margins 
occur on the corms, stems and leaves of affected plants. Later the skin over 
these swellings splits, and the dark brown powdery spore masses of the fungus 
lying below it are exposed. Badly attacked corms may be destroyed and 
reduced to a blackish-brown powder that consists almost entirely of the 
spore balls.” 

This description is clearly a free translation of that given b}^ Pape 
(1927). Moore includes along with his description a number of references 
from which it would seem that Van Poetereii (1924-29) at one time carried 
on experiments for the control of the ''smut” disease, which had been 
troublesome in Plolland, especially on the variety Peach Blossom. It was 
found that by dipping the corms before planting for a period of not more 
than one half hour in water kept at 110° P. (43.3° C.) the fungus can be 
killed and the disease controlled. We have immersed cultures of PapiUaspora 
Gladioli in water maintained at 44° C. for a half hour. Transplants from the 
treated culture gave abundant germination of the bulbils Avithiii twelve 
hqurs. Treating the conns at 43.3° C., therefore, would certainly not be very 
effective. 

Pape (1939) says the sori are also found on leaves and stems. We can not 
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believe that Papulaspora GkidioU would be sufficiently parasitic to attack 
living green leaves or stems. 

SUMMARY 

The so-called smut disease on giadiolus heretofore considered to be caused 
by Urocystis Gladioli (Eeq.) Smith, has been shown to be a species of the 
form genus Papulaspora. The multinucleate condition of the liyphal cells, 
central and border cells of the bulbil, and the method of gerniiiiation all 
clearly indicate that the fungus is not a smut fungus. Neither a fusion 
nucleus nor a promyeeliuni at germination is evident, and mature spore-balls 
are formed in culture within a week's time. The bulbils are produced on side 
branches of a mycelium which grows more or less superficially on diseased 
conns. Powdery masses of the dark brown bulbils enclosed beneath the scales 
or in cavities in shrunken diseased tissue simulate sori of Urocystis 61110.1113- 
dospores. An emended description is given and a new eombination, Papida- 
spora Gladioli, is proposed. 

The New York Botanical Garden 
New York, New York 
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VALIDITY OF EQUATIONS FOR RELATIVE GROWTH CON- 
STANTS WHEN APPLIED TO SIGMOID GROWTH 

CURVES^ 

Robertson Pratt 
(with seven figures) 

Huxley (1924, 1932) sliowed that in man}’ different kinds of organisms 
tile relative magnitudes of parts growing at different absolute rates may be 
expressed approximately b}" the equation 

( 1 ) 

wliieli may be written 

log y = log 1) +]i: log X (2) 

where y represents the magnitude of one differentialh’ growing part, x repre- 
sents the magnitude of the rest of the plant or animal body, or of another 
part to be eompared with the first, 1) is a constant that indicates the value of 
y when x = 1, and k is a constant that denotes the ratio of the relative growth- 
rate of the part to the relative growth-rate of the rest of the body, or of the 
other part.- Values of x and y that satisfy this equation locate a straight 
line when plotted on logarithmic scales. 

However, although tlie formula is a convenient tool and its application to 
biological data often reveals interesting relations among differentially grow- 
ing quantities, its use is restricted by definite limitations. This fact was ap- 
preciated by Huxley (1932) but seems to have been overlooked by several 
later investigators who have applied the equation indiscriminately to their 
exj)erimentally obtained data. The use of this formula has been critically 
discussed in an earlier theoretical paper (Lnnier, 1937). 

The purpose of the present report is to emphasize the proposition tliat 
double logarithmic plotting of growth data is not a satisfactory substitute 
for the original data plotted as time curves and that wdien it is found for 
any particular set of data that logarithmic plotting according to equation 2 
yields apjiroximatel}^ a straight line of a certain slope, the parts of the 
growff h cycles for which this applies should be acciirateh’ defined because for 
other parts the slope "will be different unless the entire growth cycles 
coincide. 

Huxley (1932) pointed out that the validity of equation 1, as far as its 

1 The ideas presented in this i)aper are in some measure tlie outcome of discussions 
with Professor Sam F. Trelease at Columbia University during the years 1935-1937 and 
of subsequent discussions with him. His interest in the manuscript is keenly appreciuted. 
The author accei^ts full responsibility, however, for the validity of the statements made 
and for the manner of their expression. 

2 Huxley (1932) defined relative growth-rate as the rate of growth per unit weight. 
Of course it might also be per unit height, volume, or any other measurable quantity. 
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cipplication to gTOwtli data is eoncemed, rests on the assumption that , 
since the organ and the body have both existed for the same lengtii of time 
when we measure them, the time factor eaiieels out. . . .’’It seems of interest 
to examine this statement with respect to sigmoid curves, since it is this type 
of curve that is most frequently ‘.encountered in studies of the growth of 
multicellular organisms. If mil be shown that even when the organs under 
consideration ‘'have both existed for the same length of time” when they 
are measured, the time factor may not always be justifiably cancelled out 
unless the entire growth cycles are of equal duration. 

The curves in figures 1 to 7 show empirically that for organs with sigmoid 
growth curves, the statement quoted above may be approximately true for 
portions of the growth cycle ; but it should be emphasized that the equation 
is a precise representation of the facts for the complete period of growth 
only when the entire growth periods of the quantities under consideration 
are of equal duration and coincide in absolute time. For a complete xiicture 
of the relative growth of two organs (or numbers) the actual measurements 
and the times at which they were made should be included as the basic ex- 
perimental data, so that the reader may know just what part of each 
growth e.yele is under consideration, and how the lengths of the entire growth 
periods compare. 

The mathematical analysis and interin-etation of sigmoid growth curves 
is not yet entirely satisfactory, but numerous investigators have shown that 
the rate of growth of many multicellular organisms and of their parts may 
be represented approximately by the equation 

^-^lcx{A-x) (3) 

Upon integration this becomes 

log = Z . (4) 

which is the equation for the symmetrical sigmoid curve that is character- 
istic of auto-catalyzed inonomolecular reactions. This equation does not al- 
ways furnish a precise representation of the normal growth curve, but is the 
simplest expression that affords a reasonably accurate apiiroximation of the 
sigmoid curves obtained experimentally (Robertson 1908a, 1908b, 1923; 
Gaines and Nevens 1925; Reed 1920, 1928, 1932; Reed and Holland 1919; 
Porterfield 1928 ; Pratt 1936, 1937, 1940 ; Pratt and Pong 1940 ; Sideris and 
Krauss 1938; Albaum, Kaiser, and Bichel 1940). Ji = /inl/2.3; .r represents 
the magnitude of the organ or organism at time, t; A denotes the final value 
of X, and G is the time when x = A/2. K is a constant that represents the slope 
of the straight line that results when values of log [;r/ (H™jO] are plotted 
as ordinates against values of (t-G) as abscissas. It is ap]>areiit that K is 
an inverse function of tlie time required for the growth cycle to reach com- 
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pletioii. Sei’eral ideal curves of the form described by eciuatioii 4 are drawn 
ill figures 1 and 2. 

When tlie g-rowth periods are equal and coincide in time (corves 3, 4, and 
5, figure 1), double logarithmic plotting after the xnanner of Huxley (iiisetj 
figure 1) A’ields a, straight line ivitli slope - 1.0. It is clear that the slope can 
liai'C no other ATiliie, since if :r and Xi represent the magnitudes of two ciuan- 
tities, and A. and Hi denote the final values of x and x-i, respectivehg then 
from eciuation 4 (values of K and ti being' the same for one curve as for the 
other) at any time, t 


lo,^ = lo, 


and, therefore, Xi oc x. Under these conditions, equation 1 becomes simply 
y = I) x; as the tivo parts grow, one is ahvays a simjile constant multiple of 
the other. 


When the total groivtii periods are unequal (cur\'es 1, 2, and 6 compared 
Avitli cnri'e 3 in figure 1) or when tliey are equal in length but do not coincide 
in time as, for example, Avhen one organ begins to grow later or ceases grow- 
ing sooner tlian another (figure 2), a straight line cannot accurately fit all of 
the points. The divergence of the curve from a straight line with slope = 1.0 
increases as the inequality in length of the growtli periods or difference of 
time increases. The slope of the logarithmic curve approaclies, and finally 
attains, a xalwe of zero as the curve becomes horizontal, or increases without 
limit as the cur\T approaches a vertical position. It should be pointed out, 
hoAvever, that even when there is considerable difference in the groAvth 
periods, double logarithmic plotting folloAving equation 2 of data from iso- 
lated portions of the groAvth cycles may yield curves that are approximately 
linear over relatively Avide ranges (insets, figures 1 and 2), although the slopes 
ha\''e A'ery diff'ereiit values for the first and last ]3arts of the growth cycles. 
It is eAudeiit, therefore, that Avhen logarithmic plotting gives approximately 
a straiglit line of a certain slope, the parts of the groAvth cycles for which 
this is true must be defined accurately, snnce the slope Avill be different for 
other parts unless the total groAvth periods coincide. 

Frequently when, growth data are plotted according to equation 2, Lhey 
seem to be fitted best by two straight lines Avith more or less AvidelA^ differing 
slopes, and scA^eral iiiA^estigators have attempted to ascribe biological sig- 
nificance to the break that occurs in these curves. When the original data are 
not giA^en as time curves or in tables, it is difficult for the reader to evaluate 
such eonelusions. It should be pointed out, hoAveA^er, that several of the curves 
in the insets of figures 1 and 2 might, if based on biological data Avhieh gen- 
erally sIioav greater or less variation, be easily thought to represent two 
straight lines Avith different slopes. It is apparent, therefore, that such a 
curA^e does not necessarily indicate anj" pronounced cliange in the metabolism 
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or pliysiologica] activity of the org'aiis but may be mere]}" the inevitcible re- 
sult of eom])ariug* two quantities whose periods of iiieremeiit are not entirely' 
concurrent. 

The relations discussed above are not peculiarities of ideal” si<^'inoid 
curves. This is shown by figures 3-7 and table 1 where experimentally ob- 
tained data are presented. The integrated growth curves are ail of the sig- 
moid tyiie, those of Porterfield, of Pratt, and of Sideris and Kraiiss being 
reasonably accurately described by an equation with the general form of 
equation 4 or a simple modification of it. 

It should be noted that in all cases where the growth periods do not 
coincide the slopes of the logarithmic curves vary from finite values to in- 
finity or zero, although the logarithmic plots seem to be approximatel}^ linear 
for certain discrete portions of the curves considered separately. The depar- 
ture from a straight line increases with the disparity of the total growth 
periods ; but when different quantities increase in a sigmoid manner through 
approximately the same period of time, double logarithmic plotting yields 

Fig. 1. Curves draAvii aceordiiig to the equation log where .r (ordi- 

nate) represents the magnitude of the quantity under consideration at any time, t; A 
denotes the final value of x, and q is the time when :v = A/2. K is a constant tliat varies 
inversely with the time required for the growth cycle to reach completion. Tlie different 
curves have tlie following constants: 



A 

K 

2/ , = f ull length, of 
growth period 

Curve 1 

1.50 

0.374 

12 

2 

75 

0.374 

12 

3 

150 

0.187 

24. 

4 

98 

0.187 

24 

5 

75 

0.187 

24 

6 

150 

0.094 

48 


Inset: Logarithms of values of x in curves 1, 2, 4, 5, and 6 plotted as ordinates against 
logarithms of values of x in curve 3 at corresponding times. Fig. 2. Curves drawn aeeord- 

iiig to the equation log -7^ — In each curve, 4 = 150, .Br = 0.187, and the total 

growth period = 24. Each curve is separated from the next one by two units on the abscissa, 
so that although all the curves increase for the same length of time the growth periods do 
not coincide. Inset: Solid lines show logarithms of x from curves 2, 3, 4, 5, 6, and 7 (ordi- 
nates) as functions of log x in curve 1 at corresponding times. Discontinuous lines show 
log X from curve 7 on the abscissa scale and log x from the other curves on the ordinate. 
Fig. 3. Growth of whole fruits and of their parts in the pineapple {Ananas sativus) . Inset : 
Logarithmic plotting to show the relative growth of the parts compared with the whole 

fruit. The integrated curves are drawn according to the ecpiation log -^i^rrlog ^ 

where x, A, FT, and t have the same significance as in equation 4 and where a represents 
the value of x when t = 0. The points indicate experimental observations. The data were 
taken from Sideris and Krauss (1938). 
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straiglit lines for tlie entire gTowtli periods and k \’alries arc approximately 
1.0 (table 1). Thus it may be seen that the eiiipirieal ()bs(o■^T{tiolls are in 
agreement witli expectations based on theory. 

It is of interest now to examine some of the data on “eljemical heter- 
og'ony. ’’ Numerous investigators have studied the chemical compositiou of 
animals at different stages of development and some have employed tlie TIiix- 
ley formula to describe the relative abundance of chemical constituents in the 
organisms, or their parts, at different times. Needham (1934) siuimiarized 
and reviewed many sets of these data. Seventeen substances and twenty-six 
species of animals ranging from Crustacea to mammals ivere considered, and 
it was found tliat in nearly every case a straight line resulted when tlie 
logarithm of the magnitude of the chemical entity at any time vus plotted 
against that of tlie chemical totality, i.e., dry or wet -weight, at the same 
time. 

A portion of Needham Is paper is devoted to speculation concerning the 
'^general significance’’ of the fact that . . organisms of extremely different 
morphological form give identical differential growtli ratios for a gi\^en 
chemical substance” and it was suggested that genetic differences and 
interphyletie differences occur only at a supra-cheinical level.” 

It should be observed, how^ever, that not oiily were tlie differential growth 
ratios identical” for a given chemical subslS,ance, but that they were essen- 
tially the same for most of the substances studied, i.e., about 1.0. Most of the 


Pig. 4. Logai-itlmiic plots to sliow the relative growtli rates of different shoots of 
lianiboo, Phyllostachy.^ nigra. Inset: Original data plotted arithmetically. Tlie data were 
taken from Porterfield (1928). Fig. 5. Logarithms of ErysipJie germ tube lengths in dif- 
ferent concentrations of heavy water (ordinates) as functions of logarithms of germ tube 
lengtlis in ordinary water at corresponding times. Inset: Original data, plotted aritli- 

metically. The curves are drawn according to the ecpiation log = Jl (f - /,) and have 

the following constants : 


2 p r: f ull leiigth of 
growth period 


H,0 136.8 0.187 24.76 

25 per cent 0,0 110.7 0.183 27.50 

35 '' 91.0 0.165 27.26 

50 59.4 0.174 28.00 

67 24.5 0.127 32.50 


The data were taken from Pratt (1936) and from unpublished material. 

Pig. 6. Left: Logarithmic plots to show the relative growth-rates of roots and shoots 
in different lots of peas (Pisum sativum). Eight: Arithinetic plots of original data. The 
data were taken from Pearsall (1923). Pig. 7. Logarithmic plots to show the relative 
growth rates of different parts of the fruit in an early-ripening variety (Early Purple 
Giiigne) of sweet cherry, Pru7itis avium. Curves labelled nucellus and megagametopliyte, 
respectively are for niieellus 4 integuments and for megagametophyte + embryo sac. Inset: 
Original data plotted arithmetically. The data were taken from Tukey (1933). 
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sets of data analyzed by Needham pertain only to the early stages of growth 
when the rates of increase were rising, but it seems reasonable to assume 
that had data for the entire life of each of the different organisms been 
plotted, sigmoid curves would have resulted. It may also be reasonable to 
assume that in a given organism, permitted to grow to maturity, the different 
substances chemical entities”) studied wuuld have increased through ap- 
proximately the same period of time as the dry or wet weight ^chemical 
totality”), i.e., as long as the organism continued to grow. Hence, hetero- 
gonic plots based on theoretically ideal data for each organism would have 
yielded straight lines with slope = 1.0. The mean value of h ealeulated from 
sixty-nine published observations (Needham 1934) is 1.1 zb 0.02. This is 
remarkably close to the expected value of 1.0, when allowance is made for 
the normal variation of living organisms, the diverse conditions under 
whieli the data were obtained, and the fact that the value of h in each case 
depends largely upon the statistical accuracy of each of the individual sets 
of data on which it is based. It seems, therefore, from the discussion pre- 
sented above that perhaps one should not be too prone to attach special sig- 
nifieanee to the ' hiiiif ormity of chemical heterogony in widely different 
organisms. ’ '' 

As similar examples from the botanical literature, the studies of Gaines 
and Nevens (1925) and of Bisson and Jones (1932) on the chemical composi- 
tion of sunflower and pea crops respectively have been selected. The data 
have been plotted after the manner of Huxley and the k values ealeulated. 
The average values of k for the total carbohydrate and total nitrogen (sub- 
stances for which the data seem most reliable) are 0.99 and 0.96 respectively. 
These values of k and those for the different mineral components which also 
increased during approximately the same period of time as tlie dry w-eight 


TABLE 1 

Components of pea and sunflower plants as functions of dry weight^ 


Component of plant 

Plant 

Investigator 

Ic ~ relative 
growth constant 

Total ca rbohy drate 

Pea seeds 

Bisson 

and 

Jones 

0.98 


i ( 

Suntiower seeds 

Gaines 

and 

Nevens 

0.97 

i ( 

i i 

‘ ‘ crops 

i i 

i i 

i i 

1.02 

i i 

ash 

Pea seeds 

Bisson 

and 

Jones 

0.95 

i ( 

i i 

Sunflower seeds 

Gaines 

and 

Nevens 

0.83 

i i 

i i 

^ ^ crops 

i i 

i i 

i i 

0.84 

i i 

nitrogen 

Pea seeds 

Bisson 

and 

Jones 

0.92 

( ( 

c ; 

Sunflower seeds 

Gaines 

and 

Nevens 

0.99 

( C 

potassium 

Sunflower seeds 

it 

{ i 

i i 

0.94 

( i 

sulphur 

a a 

i i 

{ i 

i i 

0.99 

(( 

magnesium 

c C i c 

i i 

i t 

i t 

1.02 

c c 

calcium 

it it 

1 1 

i i 

t i 

0.72 

i c 

phosphorus 

a (t 

i i 

t i 

t i 

0.84 




Ay. 

value 

^ of lc = 

0.92 


1 The periods of increment of the different components listed and of tlie dry weight, 
mth which they were compared, were nearly coincident in all of the plants listed. 
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are shown in table 1. The mean lvalue of h is 0.92, a fig*iire reiiiarkably close 
to the expected value of 1.0. 

It should be empliasized that the remarks made in this paper pertain spe- 
cifically to sigmoid growth curves. Many other kinds of growth curves will 
give straight lines when xfiotted according to Huxley’s formula. When this 
is so, it means merel.y that the slope of one original semi-1 ogarithiriie curve 
(log size against time) is always a constant multiple of the slope of the other. 
The constant factor by which the two slopes differ represents the slope, or h 
value, of the Huxley line. If the original semi-logarithmic curves have the 
same slopes during the same time intervals, the Huxley h is 1.0. 

SUMMARY 

Application of the Huxley equation y ~ hx" to growth data in order to 
express the relative growth-rates of different organs often reveals interesting 
relations among differentially groAving quantities. Its use is restricted by 
definite limitations, hoAveA^er. 

When the equation is found to fit the observed data, the parts of the 
groAvth cAudes to Avhich it applies should be accurately defined, because for 
other parts the slope of the logarithmic curve {h value or ^h'elative-groAvth 
constant”) may be quite different. 

Logaritiimic plotting of groAvth data in accordance AAuth the Huxley 
formula is not a satisfactory substitute for the original data plotted as time 
curves. 

If the groAvth cycles of the two quantities coincide in time and folloAv the 
sigmoid course of the ciiiwe for an autoeatalytic monomoleeular reaction that 
is characteristic of the groAAdh of many multicellular organs and organisms, 
the k Auxliie, or relative groAAdh constant, as determined by the Huxley equa- 
tion, is 1.0. The Amine of y then remains a simple multiple of x; i.e., y =hx. 

A¥hen the total groAvth ixeriods are unequal or Avheii they are equal but do 
not coincide in time, a straight line cannot accurately fit all of the points, 
although isolated portions of the groAvth cycles may yield curves that are 
approximately linear over relatwely AAude ranges. The slopes may haAm Amry 
different Amines for the first and last jparts of the groAvth cycles, hoAvever, 
approaeliing a value of zero as the curAm becomes horizontal, or increasing 
AAuthout limit as the cuiwe approaches a Amrtical position. 

A sharp break in the relative-growth curves does not necessarily indicate 
a fundaniental physiological change in the organism as some investigators 
have suggested, but may be merely the ineAutable consequence of comparing 
two quantities Avhose periods of increment are not entirely conciirreiit. 

The remarks in the present paper refer specifically to relative-groAvth 
constants of quantities that increase as sigmoid functions of time. They are 
not intended to apply to other types of groAvth curves, although it is possible 
they could be extended to cover other cases also. 
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The statements and eonekisions of the present paper are supported 
eni])irieallv by “ideal” curves calculated from equations commonly 
employed in growth studies and by curves constructed from data in the 

literature. 

College of Pi1x\rmacy, University of Calib^ornia 
The Medical Center 

San Francisco, California 
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THE INFLORESCENCE IN HEMEROCALLIS— I 


A. B. Stout 

(with twenty-two figures)^ 

THE ORIGIN OF THE SCAPE 

In HemerocalUs tlie plant is an lierbaeeous perennial and the iiiiineroiis, 
short, somewiiat thickened, and much intertwined branches in the crown of 
the plant bear coarse, grass-like, and closely eqnitant leaves in two ranks 
which rise from a crown-branch into the air as ^^fans. ” A flower scape arises 
from a leafy stem in the crown and is terminal for the axis immediately 
below it. 

When a scape is located in the center and apex of a fan of leaves its ter- 
minal position is evident. It stands between the concave and upper surfaces 
of the two leaves which arise from the two nodes which are immediately 
below the scape and of the same axis ; and vegetative laterals are lacking in 
the axils of either of these leaves. The relation of the axis and the two leaves 
is as shown in figure 1 for the leases labeled L2 and L3. 

Frecpiently a scape appears to be a lateral on the stem of a single fan of 
leaves. But in such cases the vegetative shoot that appears to rise above the 
base of the scape is the real lateral that arises in the axil of one of the upper- 
most leaves of the main axis that continues into the scape. Figure 1 shows 
the relationships when the vegetative shoot is in the axil of the upper- 
most leaf (fig. 1, L3) that clasps the base of the first internode of the scape. 
When but one vegetative lateral develops and is located in the axil of the 
next to the last leaf, the scape also stands between two equitant leaves but 
now the leaf that clasps the base of the scape has no axillary branch. 

A scape may stand between two vegetative branches (see fig. 2), in which 
case the main axis that continues into the scape has two laterals ; one may 
arise in the axil of the leaf that clasps the base of the first internode (L3 of 
fig. 2) of the scape and one is in the axil of the next leaf below {L2 of fig. 
2). These two branches are on opposite sides of the scape which now stands 
between the convex surfaces of two leaves {L3-1 and TA~1 of fig. 2) each of 
which belongs to a different lateral. During a single period of flowering 
two scapes may arise as successive terminals in a single fan of leaves. 

In the formation of a scape, its first segment or internode is greatly 
modified, especially in respect to elongation and to reduction in diameter, 
in contrast to the internodes immediately below it and to those of aii}^ lat- 
eral in the crown (compare internode ^ with 3 and 4~1 in fig. 1). When a 

1 Assistance in the preparation of the figures of tliis article was furnished hy the 
personnel of the Works Progress Administration (O.P. 165-1-97--8. W. P. 5). 
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s('a])e appears to be a lateral it is the vigorous vegetative growth of its own 
basal lateral as a leafy crown-branch that continues the two ranks of leaves 
in such a manner that the shift from terminal to a lateral is not obvious to 
casual observation. But the arrangement of the leaves about the base of the 
scapes clearly indicates that a scape is terminal on the axis immediately 
below it. 

THE SIMPLE INFLORESCENCE OF H. NANA 

In the species HefiierocalUs nana the flowers are solitary and terminal 
for the main axis of the seape and for each of the few laterals which develop 
on the scape. There are no traces in the axils of the bracteoles of the laterals 
which, in all other species now recognized, form the bostrj^xes of the inflo- 
rescence. 

The one-flowered scapes. Frequently the normally developed scapes on 
plants of E. nana bear a solitary flower below which there are two modified 
leaves (fig. 3). The.se are placed not far below the flower and the upper and 
smaller one (a braeteole) is often clearly placed on the axis at an angle that 
is approximately 90° from the position of the lower one (a bract). 

The distribution of vascular bundles in a typical single-flowered seape 

Explanation of figures 1-16 

All figures except 1, 2, 9, and 10 are approximately one-lialf natural size. In most 
eases the drawings were made for scapes that had ended flowering. Most capsules and 
flowers^ if present, were omitted and the ends of pedicels shown as when the flowers 
absciss below the ovary. In the lettering the designations are as follows: L, leaves of 
crown branches; B, bracts on the main axis of a. scape; SB, bracts on lateral branch; 
W, vegetative dichotomy of which both arms continue as an internode until there is a 
bract; b, braeteole, also not so heavily shaded as bracts; f, flower; Boman numerals (I, 
II, III) indicate succession in development and blooming. 

Fig. 1. Lower portion is diagram of section showing relations and positions of parts 
when a scape has a vegetative crown lateral that is axillary to the leaf (LS) that is 
located at the base of tlie first internode of the scape. Upper portion shows a scape of 
Semerocallis Elinor with a primary inflorescence of two bostryxes, below which there is 
a lateral brancli bearing only one flower. Pig. 2. Diagram of sectional view of a scape 
which has a vegetative crown lateral in the axil of each of the two uppermost leaves {L£ 
and LS) of its crown axis. Figs. 3-8 inclusive. Scapes of SeinerocaUis nana. Fig. 9. 
Nondieliotomous bostryx of Alstroemeria revokita. Copied from illustration by A. and L. 
Bravais. Fig. 10. Dichotomous bostryx of Hemerocallis fulva clone Eiiropa. Copied from 
illustration by A. and L. Bravais. Pig. 11. A t^vo-bostryx primary mfiorescence of the 
Europa daylily at the time when the first flower is ready to open. Fig. 12. A two-bostryx 
primary inflorescence of the Europa daylily after all flowers have bloomed and fallen. 
Pig. 13. A three-bostryx primary inflorescence of the Europa daylily. Figs. 14, 15. Upper 
portion of scapes of E. minor showing vegetative dichotomy in the first internode of a 
scape. In figure 14 each bostryx is reduced to one flower; in figure 15 each is reduced to 
two flowers. Fig. 16. Scape of E. minor bearing one flower which is tenniiial on the 
lateral belonging in the axil of bract 2. The dicliotomous lateral to the pedicel of this 
flower, the lateral in the bract below, and the terminal of the main axis above bract 3 are 
all aborted. 
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was studied in cross-sections at levels below the bract and the bracteole, 
iiiidway between the two, and above the bracteole. In the upper portion of 
the first internode of the scape, in a cross-section, tliere was a central core 
of pith cells about whicli there was a zone of cells that had thick Avails 
(stereome tissue). Rather eveid.y distributed throughout the stereome there 
were numerous (about 35) fibre vascular bundles. In the segment of the 
stereome directly beloAV the bract (as Bl of fig. 3) the vascular bundles 
branched and supplied veins to the bract but no bud Avas organized in its 
axil and tlie main axis continued as a single stem. Immediately beloAv the 
bracteole (as 11 of fig. 3) branches of bundles in the stereome supplied veins 
for the bracteole but no lateral Avas organized and no abortion of one Avas 
present. At this level and above in the pedicel the stereome Avas less defined 
and the bundles Avere more equally distributed Avithin the scape. 

It seems certain that in this species the main axis of a single-floAvered 
scape eontinues as a single stem throughout its first internode, through the 
segment betAveen the bract and the bracteole and on into the pedicel of the 
floAver. But the character of this axis does change : the first internode is rela- 
tively long, as much as tAvelve or more inches in this dwarf species, Avhile 
the second internode, or peduncle, is very much shorter; the phyllotaxy 
changes from the tAvo-ranked and 180° spacing to one of only 90° ; in the 
internal structure there are a decrease of the stereome and a more central 
distribution of vascular bundles, especially in a pedicel. 

In IL nana the fioAver of a normal single-fioAvered scape is obviously 
terminal. For the purposes of this discussion it Avill be considered that such 
a scape is differentiated into (1) a long internode Avhieh terminates at the 
primary bract (Bl in fig. 3), (2) a peduncle of one internode Avhich ter- 
minates at the bracteole (bl in fig. 3), and (3) a pedicel tliat terminates in a 
floAver. 

Tivo- flowered scapes (figs. 4, 5, and 6) are frequent among plants of 
H. na/na and they may occur on the same plant Avith scapes tliat bear solitary 
flowers. In these the IcAA-er floAver is the first to open, and it (fig. 4) is the 
terminal of a lateral that arises in the axil of the loAver of tAvo primary bracts 
on the main stem. In such a lateral there is an internode (Avliich is the 
peduncle) and a bracteole (bl-l in fig. 4) above Avhieh the axis continues as 
a pedicel of a floAver. Thus the main axis of a tAvo-fioAvered scape has tAvo 
internodes. The loAver floAver is terminal on a lateral branch and the upper 
floAA^er is terminal on the main axis. 

The lateral branch dominates the main axis above it in vigor of groAvtli 
and in time of maturity. Often its organization as a separate axis is dehryed 
and it is more or less combined Avith the main axis until the level of the 
second bract is reached (fig. 5). The bracteole that belongs on the lateral may 
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e\^eri be jilaced (fig. 6) below the level of the eoinplete separation of the 
lateral. 

Three-fiowcred scapes. Drawings of typical three-flowered seaf)(‘s fi'oiii 
plants of H. riana are shown in figures 7 and 8. Tlie two apical flowin-s are 
like those of tlie two-flowered scapes. Below these the main axis has an addi- 
tional internode and a primary bract in the axil of wliicli there is a lateral, 
111 such scapes the lower of the two laterals often has an internode, a secoii- 
dar\’' bract,, a, peduncle, a bracteole, and a pedicel that ends in a solitary 
flower (figs. 7 and 8). Frequently there is delayed separation of tlie lower 
lateral (fig. 8). 

All tlie three-flowered scapes seen by the writer were on plants that were 
gro^ving in tlie Eoyal Botanic Garden at Edinburgh, Scotland, and wliieli 
were at tlie time through blooming. When the loiver lateral of a three- 
flowered scape of H. nana has a vegetative internode and a secondary bract, 
it seems that its flower opens later than does the flovur on the lateral which 
is above it (figs. 7 and 8). 

Irregularities in the development of scapes in plants considered to be 
II. nana have been noted. Scapes with solitary flowers ha\n been observed 
wliicli liad as many as four bracts in the axils of which there were no signs 
of any lateral. In others there were scapes in which the main axis above the 
second bract was more or less iinde\nloped and in some cases reduced to a 
mere stub. Tlie irregular and delayed separation of laterals may be sncli that 
there is the inter|)olation of two or more axes at one level w^itli the placing 
of bracts and braeteoles at irregular positions. These features of growth are 
more conspicuously developed in other species of the genus in which the 
entire inflorescence is much eoinpacted. 

A comparison of scapes of 11. nana wliieh bear one flo\ver, two flowers, 
and tliree flovnrs shoAvs that the uppermost flower is terminal on the main 
axis and is alike in all three. Tlie tw'o-flowered scape has in its main axis one 
additional internode with a lateral to its bract. The three-flowered scape has 
still another internode with a bract and a lateral. Thus the additional flowers 
are produced by an increase in the number of internodes in the main axis 
and tlie formation of laterals. 

In the species II. nana, as far as the writer obseiw'-ed, tliere are no indi- 
cations of secondary laterals, either rudimentary or otherwise, wihich arise in 
the axil of any bracteole. In the three-flowered scape both the terminal and 
the lateral immediately below' it have each only a peduncle and a pedicel and 
the tAvo combine to form wvhat may be called a terminal inflorescence. When 
a lateral beloAV these two has an extra internode and bract and is later in the 
maturity of its first flower it may be considered as a secondary inflorescence. 

Not only does the species H. nana have the simplest iiifloreseenee of any 
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of the kiioY'ii and recognized species of HemerocalliS" but it is the smallest 
ill stature and it has, according to present knowledge, a very restricted distri- 
bution in tlie interior of China. 

THE NATURE OF THE BOSTRYX 

It now appears that, except for H. nana, the ^^dichotomous'’ bostryx is 
present in all species of HemerocalUs. Also two or more bostryxes combine 
to form a primary infioreseence that is terminal for the entire scape. In 
much-branched species the laterals below such an inflorescence have one or 
more secondary bracts above which the bostryxes form secondary inflores- 
cences. 

The nature and character of the dichotomous bostryx in HemerocalUs 
will be more readily understood if there is first a consideration of the 
unforked bostryx in other genera. 

The nondicJicjtomems hostryx was recognized and described as a ^‘Sciirau- 
bel” and as a ''Bostryx” as early as 1835 (Sehiinper according to Braun 
1835). Soon thereafter (1837), L. and A. Bravais designated this type of 
branch a "cime uninodale helicoide” and these authors made a somewhat 
comprehensive survey of its oceurrence and modiflcations in the inflores- 
cences of flowering plants. They noted that the helicoid cyme in flowering 
plants may be elongated or shortened, axillary or terminal, single or clicJioto- 
nious, and that bracteoles may fail to develop, or they may be present in 
normal position at the base of a pedicel, or they may be transposed to otlier 
positions. 

The simple (nondiehotomous) bostryx or uninodal helicoid cyme was 
illustrated by L. and A. Bravais in the species Alstroemeria revolufa and 
their figure is here rexiroduced (fig. 9). In this, the first flower in a series of 
flowers is terminal on the axis immediately below it. In this axis there is a 
peduncle with one node ("uninodale”) at which there is a bracteole ; above 
the bracteole there is one pedicel which ends in a flower. But a lateral to this 
X)edicel develops in the axil of its bracteole and continues to form a new 
peduncle which terminates above its own bracteole in a pedicel and its single 
flower. The relation of flower pedicel to its lateral is continued to form the 
successive flowers above until there is an abortion of the new lateral. The 
successive peduncles combine to form a false axis. There is but one row each 
of bracteoles, of units of the false axis, and of pedicels and flowers, and 
these are arranged in an ascending spiral which continues in one direction. 
It is this single, ascending, spiral arrangement with the decreasing size of 
the flowers, bracts, and stem units that suggested the terms ' ' helicoid ' ' (like 
a snail shell), "sehraubel” (a screw), and "bostiyx” (a curl). In contrast 

2 At present the writer does not consider that the description and herbariinn material 
of the so-called M. pUoata are adequate for the designation of a distinct species. 
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to this a double series with also a s|)iral arrangement was called a ‘‘‘'seorpioid 
ejTiie’' or ^^ciiicimuisd^ 

The dichotomous hostryx, A further inodilieatioii terined a 'bliehotoniy 
was recognized as frequent and characteristic of many genera, especial ly of 
inonocots, and to exemplify this L. and A. Bravais present a drawing of a 
branch of the inflorescence of Hemerocallis fulva’^ (the clone Eiiropa). 
The essential feature of growth in this is that each new unit of the false axis 
arises directly from the axis of a flower in a dichotomic in the development 
of w^hich the bracteole, ivliich belongs at the base of the pedicel of the termi- 
nal flower, is transposed to a higher level on the false axis. It may be noted 
that this feature of ^ Alichotomous’' branching may also develop in scorpoid 
cymes. It is to be recognized that the type of branching that occurs in a 
bostryx of HemerocalUs has been designated (Crozier 1892) a helicoid 
dichotomic or bostryehoid dichotomy as distinct from the true dichotomy 
seen in Cryptogams. But in TlemerocalUs branching at a level where there 
is neither a node nor a bract occurs both in the development of a bostryx and 
in the precocious separation of axes that lead into bostiyxes. The latter ivill 
here be called a vegetative dichotomy. 

THE BOSTRYXES IN HEMEROGALLIS 

The primary bostryxes or terminal inflorescen^^ The description of the 
character of a typical bostryx in HemerocalUs ivill here be combined with a 
consideration of the interrelation of the two or more bostryxes that combine 
to form the terminal inflorescence. Also the descriptions ivill first be for the 
much branched scapes of the species H. miiltiflora. The slender stems and the 
rather loosely spaced branches in. the scapes of this species somewhat simplify 
the recognition of the essential features of the dichotomous bostryx and the 
fcamuping of bostryxes in the primary and the secondary infloreseeiices. 

Figure 17 shoivs two primary bostryxes which composed a primary inflo- 
rescence beloiv which there w^ere secondary inflorescences that are not shoivn 
here. The lower one stands as a lateral in the axil of a primary bract (Bl) 
on the main axis of the scape. This lateral begins as a single stem and it defi- 
nitely’^ continues as such for a distance of almost one inch. Then there is a 
so-called dichotomy, of which one arm continues as a pedicel of a floiver 
while the other is a single vegetative stem as far as the first bracteole {bl-l). 
Above this bracteole the main axis forms another floiver stem in which there 
is a dichotomy. But this second dichotomy of the bostryx is not far above the 
bracteole (bl-l). The next dichotomy, the third of the series, is only slightly 
above the level of the next bracteole {hl-2) and also its tivo arms stand side 
by side in a plane almost parallel to that of the base of the bracteole. Thus 
the lateral in any ^ ' dichotomy ’ ^ does not stand in the axil of the bracteole 
beloiv it. Each bracteole stands in a position that is opposite to the pedicel 
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of the flower below, a feature emphasized by i^arious writers and especially 
Goebel (1931) . The pedicel of the fioiver beloiv a bracteole (as f l-1 in fig*. 17), 
the bracteole (hl-1), and the lateral unit of the diehotoni}' below it are all 
ill the positions relative to each other that they would occupy if there were 
no displacement. There is, however, much twisting* of stem units in the main 
axis and in the various units of a bostryx which breaks the regularity of 
alignment. 

For the uppermost floiver of any bostryx, as shown in figure 17, tliere is 
an almost single stem ivliich bears the bracteole (see blS) belonging to the 
flowei* belov”, and close above, but to one side, there is a much smaller bracte- 
ole (see hi-4). Immediately in its axil there is the aborted terminal end of 
tlie false axis, with often a group of small bracteoles, which is lateral to the 
pedicel of the last flower. 

The upper of two bostryxes in a primary inflorescence terminates the 
main axis of the scape immediately above the uppermost bract (B-2 in fig. 
17) on this axis. Its first flmver is terfiiinal on the main axis of the entire 
scape. A lateral on the axis of this flower arises in a bostrychoid dichotoiny 
and the succession of units in the false axis is like that in the lateral bostryx 
below. 

The terminal bostryx, as a rule, is less developed than the one below ; its 
first flower is smaller than is the first flower of the bostryx below and it opens 
at least one day later ; it frequently has at least one less flower in the series. 

The internode bet\veen the two upper primary bracts, whieli subtend the 
two bostryxes that comprise a primary inflorescence, is often noticeably 
shortened and frequently the lateral to the lower bract is fused with, the 
main axis (figs. 12, 13). But in the species which have most extensively 
branclied scapes this feature is least strongly developed. 

It may liere be noted that the spiral phyllotaxy of a bostryx may be either 
clockwise or counter-clockwise, and that the two primary bostryxes of an 
inflorescence may both be the same in direction or different. 

A three-bostryx primary inflorescence of H. multi flora is shown in figure 
18. The lower twu) are laterals on the main axis of the scape; the uppermost 
one is terminal for this axis. As shown in tliis figure (at YD) a vegetative 
dichotomy frequentl.\" develops in the main axis below the primary bract 
(between B2 and BS of fig. 18) that subtends the middle one of the three 
bostryxes. Then the primary bract {B2) is carried up on the lateral. Each 
arm of this dichotomy remains a vegetative stem as far as tlie next bract. 
In a dichotomy in the bostryx, however, one arm becomes a pedicel of a 

Explanation of figures 17-22 

Figs. 17-22. Scapes of Hemeroeallis multiflora; figures 17, 18, and 19 are primary 
iiiflore'Ceiices with 2, 3, and 4 bostryxes; figures 20, 21, and 22 show lateral branches below 
i^rimary inflorescences. 
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flower. Tlie preeoeioiis separation of a lateral from its niaiii axis is a eliarac- 
teristic feature of growth (a) in the bostrvx, (b) in the upper part of the 
iiiain axis of primary inflorescences, (c) in lateral bi*anclies of much 
branched inflorescences (see YD in fig. 21), and (d) in at least one species 
in the first internode (figs. 14, 15) of scapes that are reduced to few flowers. 

A four-bostryx primary inflorescence is shown in figure 19. In this there 
is precocious separation of both the second and the third bostryxes by two 
successive vegetative dichotomies that occur in the main axis. 

The group of primary bostryxes at the apex of a scape constitutes what 
may be called a primary inflorescence. Occasionally in much branched spe- 
cies there are more than four bostryxes in this group. Always, so it now 
appears, there are at least two ; although in certain species the abortion of 
one bostryx is frequent in scapes on which only one flower develops to 
maturity (fig. 16). 

The sequence of opening for flowers which occupy corresponding posi- 
tions in the twu or more bostryxes of an inflorescence is almost without 
exception in succession from the low^est to the uppermost. The dominance in 
vigor of a lowxu* bostryx to the bostryx above it is eonspiciious and almost 
universal for all inflorescences in all species of HemerocaUis. This aspect of 
growdh is also seen when a lateral develops immediately below’ the terminal 
in the simpler inflorescence of H, nana. 

Secondary mfloresce rices. The secondary inflorescences of II. mult ifl, ora 
here showm in figures 20, 21, and 22 exemplify several of the features eharac- 
teristic of the laterals that develop below^ the primary inflorescence, espe- 
cially in species that are rather freely branching. The axis of a secondary 
inflorescence usually has one or more vegetative internodes for eacli of w’hich 
there is a secondary bract {SB in figs. 20, 21, and 22). There are usually at 
least twu terminal bostryxes in a secondary inflorescence. The internode 
betw^een the twu bracts may be short (see right braneh in fig. 21) ; it may be 
quite elongated wdth the lateral arising in a dichotomy (Z> in fig. 20) ; or a 
dichotomy may arise in the main axis below’ the bract that subtends the first 
bostryx {YD in figs. 14, 15, and 21). In figure 22 is shown a lateral wfiiich 
has a primar}^ inflorescence of two bostryxes below’ W'hich there is a secondary’ 
lateral (to SBl) wdth a dichotomy and two bostryxes. In these the lateral 
bostryx has only two flowers, and the terminal one has but one flownr. 

THE INFLORESCENCE OF H. FULVA CLONE EUROPA 

The dichotomous bostryx of the Europa daylily wns illustrated and 
described by L. and A. Bravais (fig. 10) and frequently since referred to as 
exemplifying the / hiniparous ' ’ helicoid cyme or bostryx. But this illustra- 
tion is only for a lateral of the two or more bostryxes which form a primary 
inflorescence. Figure 11 shows a typical twn-bostryx inflorescence of this 
wddel}^ cultivated clone at the time when its first flower is ready to open. 
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Both, the doiniiiance in the growth and dei^elopmeiit of tlie lateral bostiyx 
and the dichotoiiious separation of each new lateral seginent of tlie false axis 
are here well shown. At the conclusion of flowering a t^w)-b()sti’yx inflores- 
ceiiee often appears as in figure 12, and a three-bo8tr\'x inflorescenee as in 
figure 13. The interpolation of the axes of the three bostryxes is evident in 
the segment above the lower primary bract (see Bi). 

In many scapes of plants of this clone only tlie two or more pinmary 
bostryxes are dei^eloped and the one or more primary bracts below have ]io 
laterals. When there are secondary inflorescences these are placed next below 
the terminal group of bostryxes and are relatively less strongly developed. 
The character of the scape of the Europa daidily is quite typical for the 
species H. f idva, which is widely distributed in Asia. In comparison witli H. 
mult iff ora the scapes of the Europa da.ylily are coarser, and the lateral 
branches below the primary inflorescence are more often absent or weakly 
developed. 

In the scapes of both H, fidva clone Europa and 11. multi flora it is the 
rule that there are more than two internodes in the main axis of a, scape and 
that a dichotomy is not seen in the main axis below a primary inflorescenee. 
Plowever in those scapes of H. minor which are reduced to only two rather 
small primary bostryxes there is frequently a vegetative diehotom>' in the 
upper ]3ai't of the first internode below the level of the first bract (figs. 14, 
15 ). 

CONCLUDING REMARKS 

The conceptions of the nature of the bostryx or uni];)arou.s helicoid cyme, 
the descriptions of it, and the terms applied to it as presented by the early 
writers (Sehimper according to Braun 1835; and L. and A. Bravais 1837) 
have been .fully endorsed b.y such later writers on the morphology of inflo- 
rescences as Hofmeister (1868), Sachs (1875), Eichler (1875), Bessey 
(1885), Goebel (1887, 1931), and Velenovsky (1910). Even in the more 
complicated dichotomous bostryxes, as in HemerocaUis^ it has been recog- 
nized by these authorities that each flower is truly terminal and that the 
axis of a succession of flowers is composed of a series of false axes each unit 
of which arises as a lateral. Yet there are recent monographs dealing with 
the classification of the genus Hemerocallis which unreservedly state, with- 
out mention of the helicoid and cymose nature of the branehes, that the inflo- 
rescence is a panicle (Hutchinson 1934) or that its character ranges from 
racemose to paniculate (Nakai 1932). It is to be noted that the term inflores- 
cence, as w^ell noted by Parkin (1914), is sometimes applied to the mode of 
floral branching, at other times applied to the flo^v er cluster itself, and at 
other times it refers to both of these conditions. 

In Hemerocallis^ wnthin each bostryx the flo veering is determinate and 
hence cymose. For the primary group of bostryxes the sequence of develop- 
ment is racemose. This is, evidently, w’-hat the term panicle has come to 
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iiielucle in the description of the inflorescences in inaiiv genera. In Ileniero- 
callis the helicoid cyme or bostryx is to be recognized as a nnit braneli in tlie 
inflorescence. 

In Hemerocallis the consideration of the bostryx refers to the arrange- 
ment of flowers in a single flowering branch that ma}' ai'ise in tlie axil of 
bract or terminate a main axis above its last bract. In a bostryx, eaeli flower 
is terminal for its axis below and its dichotonions lateral eontinues as a false 
axis which finally ends in an abortion, and on whicli tlie floweri]ig sequeiice 
is that of a false raceme. 

In all species except II. nana two or more bostryxes at tlie apex of the 
scape constitute what may be called a primary inflorescence. In tlie relatix'e 
development of these bostryxes a lateral one is dominant over the terminal 
one for the main axis and thus the sequence in the development of these 
branches is racemose. The same relation in development exists in tlie group 
of two or more bostryxes that may terminate any lateiad tliat is below tlie 
primary iiiflorescenee. 

Thus there is one fundamental feature of growth in tlie irifiirrescence that 
is common to all the species of Heriiej'ocallis, In H. nana many M-api's have 
two flowers, one terminal on the main axis and one terminal on a lateral, and 
in all other species at least two bostryxes combine to form a teinniual inflo- 
rescence. Ill botli cases the lateral dominates in size, \’igor of growtli, ainl 
time of development. The flowering of tlie centi*al oi* main axis and of tlie 
laterals is determinate and the sequence of development is (nmtrifietal. It is 
the development of branches from tlie pedicels, in all spet^ies excefh IL nana, 
and their precocious separation by dichotomy that give tlie false axis and the 
racemose appearance of tlie bostryx in Heiiierocallis. 

The New York Botanical Garden 
New York, New York 
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THE ONTOGENETIC DEVELOPMENT AND PHYLOGENETIC 
SPECIALIZATION OF RAYS IN THE XYLEM OF DICOTY- 
LEDONS— III. THE ELIMINATION OF RAYS^' 


Elso S. Barghoorn, Jr. 

(with fourteen figures) 

ExtensiA'e study- of the oiito<>:eiiy and pliylogeiietie speeialization of rays 
reveals that ray tissue may be completely eliminated from tlie secondary 
xylem. The process of raA” elimination is not an isolated phenomeiioii, but 
occurs in a wide ran^e of dicotyledonous shrubs and semi-shrubs. The ab- 
sence of i*ays is correlated with rediictioii in cambia] actiA'ity and often Acith 
a temhmry loAvard the herbaceous habit of ^TOAVth. In addition, the rayless 
rondition oi'riirs in many shrubs and suffriitieose forms posscnsiny anomalous 
secondary tliiclvening*, included pliloem, successiAn eandiia, etc. A conspicuous 
siippriAssiun, t}ioug*h rarely complete absence, of raA's may be observed in 
many [dants Avliich have underg'one dAvarfiiig' or modifications in relation to 
xeropliytic or otlierAAuse unfavorable environments. The various ontogenetic 
changes Avhich effect tlie elimination of rays are empliasized in this study; 
in addition, hoAvever, tlie relation of ontogeny to pliA'logeuA' is considered. 

Kribs’ iiiAnstigations on the structural specialization of rays in dicoty- 
ledons do not include data on the elimination of rays (Kribs 1935). HoAvcA'cr, 
from prtudous studies by the Avriter (Barghoorn 1940, 1941) it is e\’ident 
that the loss of raA’s results in a highly specialized condition. Additional 
iuddmict‘ I'oi* tills is atforded by the fact that rayless structure occurs in a 
wide rang<‘ oi‘ unrelated families (figs. 1-6, 7, 9, 10), and is usually asso- 
ciaUsi Avith a liigh degree of general structural specialization. 

From Kribs Fstiidy, supported by the Avriter’s investigations, tliere are 
two major trends of specialization of rav' tissue in {lii'OtA^ledcins. Tliese are 
th(‘ elintinal ion of uniseriate rays to leave niultiseriate rays only, and the 
eiiniination (d‘ mu it iseriates to leaAT^ uniseriates only. Itoth of thest‘ trimds 
ai-e usuallA^ associated witli ciianges in the nioi'pliologA’ of tlie ra.A^ cells. In 
tlie rayless foriris and those Avitli poorly developed laiys tlu^ tendency toAvaials 
tlie eiiniination of both types of rays coincides AAritli th(‘ rtHliiction in secon- 
dary g}*owth. It has been shoAvn in earlier papers of this series tliat phylo- 
g<metit^ mnditi('ation of ray structure may be initiated in tnther tlie early 
or 1lu‘ later stages of ontogeny of the secondary bod.w in tln^ elimination or 
extrmm^ redmdion of rays, hoAVeATW, phylogenetii* specialization. proctM.Hls 

miUu* first of this series appeared in Am. Jour. Bot. 27: 918-928: 1940. 

TIk* s(‘roii(i paper will appear in Am. Jour. Bot. for April, 1-^41. 

^ Ih this s(.M-ii*s of investigTitions various species froiii 195 families of dicotyledons 
w'vvo <‘xamin(Ml from the extensive slide and wood collections of Harvard University. 
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from the early to tlie later stages of development ratlier tliaii vice-versa. 
That is, phylogenetically the rays are lost from the inner secondary xi^leni 
before their elimination from the outer parts of the secondary body, Tliis 
is indicated by the fact that in many shrubs and semi-shrubs rays are absent 
from tlie inner portions of the woody cylinder Avhile present in varying nTim- 
bers in the outer portions (figs. 7, 8). No Avell developed rays iun’e i)eeu 
observed in the inner secondary xylem of species devoid of rays in tlie ontiu*. 
Moreover, frequently the vestiges or ‘‘ghosts” of rays may be observed in 
transverse sections, while radial or tangential longitiulinal stM-tions sIioav 
conclusively that ra.ys are absent (figs. 1, 2, 3, 9), From tliivse lln-ts it is (juite 
clear tliat the elimination of ray tissue is a morphological modifii'ation wiiieh 
is the reverse of the so-called recapitulation pheiioiiieiioii. This is e\'idenced 
by the fact that the ancestral condition, viz., the presence ot ra.vs, is repre- 
sented in the later stages of development rather tlian in tht* earl\' stages. 

From the standpoint of ontogenetic development the pltylogenetie spe- 
cialization of rays is accomplished by a consecutive seriics of incrtaisingl\' 
modified ontogenies. In the loss of rays the tendency for eliminatirm is ex- 
pressed, oiitogenetieally, at increasingly later stages of dexalupnamt until 
eventually the secondary x.vlem is entirely devoid of i*ay.s. ^^•u‘i<)us stages in 
the oiitogenetic-phylogenetie elimination of rays are similai* in r]t*arly un- 
related. groups of dicotyledons. They therefore represent similar, parallel 
trends of phylogenetic specialization brouglit about by similar ontogenetic 
clianges. 

THE ELIMINATION OP RAYS BY THE ENLARGEMENT OF RAY INITIALS 

Various complex cellular changes characterize the develupment of ra>'s 
ill the cambium (ChattaAvay 1933, Barghoorn 1940, .1941 u Ana mg tiu»se is 
the transformation or reversion of ray initials to the fusifurm type of t-am- 
bial cell. If such a traiisitioii is localized and definitely oritmlini Avithin a 
multiseriate ray the elongating initials split or dissect the ray into two or 
more separate portions as illustrated in figure 7 of the second }>apor of this 
series. If, liOAcever, tlie tendency for elongation affects all tiic ray initials, 
the ray tends to lose its distiuct morphological identity, sinc<c its ('onslituent 
cells may resemble in size and shape the cells of the surrotnuling tissue ( figs. 

8, 11). For the sake of completeness it should be pointetl (mi that iuuogtmtqi- 
cally such extensive change in ail the initials of a ray seldom oociirs <iui‘ing 
development of the secondary xyiem of an iiulividnal. If a jhiylogtaictic 
series is studied, however, it becomes clear that the degree (jf t‘m})hasis on 
ray initial elongation, at different stages, results in the partial or complett* 
elimination of the rays as distinct structures. 

The majority of species in which rays are i,n course of elimination In' the 
enlargement of initials do not possess niiiseriate rays. In these. thercf(UHc the 



Ficj. 1, Alsf'uoxmia macrophylla Ciiiin. (Caprifoliaceae). Transverse section of tlie 
secondary xylein. Note tlie a})seiice of rays. The radial rows of smaller cells represent the 
‘•;^h<)sts” of rays which have heen eliminated (xl25). Fig. 2. Alseuosmia macrophyUa, 
Kadial loii^itadinal section indicating, similarly, the absence of rays (xl‘,25). FiG. 3. 

maci'ophyUa. Tangential longitudinal section showing the ray less secondary 
xylem. Fom]>are with figs. 1 and 2 (xl25). Fio. 4. Besleria sp. (Gesneriaceae) . Trans- 
vcu'se section showing secondary xylem completely devoid of rays. In this species wood 
]>ar(mchyina is nearly absent and the secondary xylein consists almost entirely of vessels, 
libriform fibers, and septate fibers (x 40), Fig. 5. Besleria sp. Radial longitudinal section 
showing the ray less secondary xylem in longitudinal view (x40). Fig. 6. Besleria ap. 
Tangential longitudinal section. Note the complete absence of rays. Gouipare with figs, 
4 and 5 (X 40). 
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majority of the ray tissue consists of heterogeneous muitiseriate rays ot Aairy- 
iiig size, composed of large, more or less vertically elongated cells, as sliown 
in figures 8 and 11. Occasionally iiniseriate rays are present as well, but these 
are likewise composed of vertically elongated cells. Heterogeiieous iniilti- 
seriate rajGS such as occur in the early stages of the elimination ol rays si i on Id 
not be confused with the heterogeneous iniiltiseriates of the ]vrimiti\'e i*ay 
structure. The specialized muitiseriate rays occur in species wliich usually 
exhibit a high degree of structural specialization of the secondary x\-leni. 
Tlieir cells freqiieiitlr^ appear irregular and angular when \’iewed in taiigen- 
tial longitudinal sections and commonly possess thin secondarx' walls wliicdi 
are devoid of the abundant, conspicuous, simple pitting found in primiti^*e 
muitiseriate rays (fig. 11). 

Interestingly enough, the phylogenetic elimination of rays by tlie pro- 
gressive increase in the size of ray initials brings about their loss by ex- 
pansion rather than reduction. In other words tlie ]*ays are eliminated In’ the 
“overdevelopment” rather than suppression of tlieir initials. 

REDUCTION OP RAYS BY THE SUPPRESSION OF RAY INITIAI.S 

111 strong contrast to tlie elimination of rays by tlie enlargement of tlieir 
initials is the reduction of laiy tissue by the suppi'cssion of ray initials in the 
cambium. As has been previously noted, this condition is found vdiiefly in 
dwarfed plants, of suffruticose habit, growing in xerophyti<‘ or «)tlierwis(‘ un- 
favorable environments. Not only is eambial acUivity reduced in such |tlants 
but the size of the eambial initials is often reduced i'ar nioin tlmn would bt* 
anticipated from the degree of phylogenetic siiecializatiou of tlie A’csstd ele- 
ments. Shrubby forms such as these tlierefore exhibit struug tmuhuiiuos 
toward similar anatomical modifications even tlioiigh tliey may differ xxidejy 
in the extent of striietiiral specialization of tlie se^snidary xylem. nv hi tlieir 
floral morphology. 

Explanation of figures 7~10 

Fig. 7. Geranium' trident IIIkI. (Geraniaeeao). Tangential lenginnlinal st'eilnn hT 
inner secondary xjlein indicating the absence of rays iii the early .stages tkf devi^htununii 
of the secondary xylem. Pliylogenetically tlie ray initials in the early stages lijiv*' eiMiiii'.-u.Mi 
to the fusiform type of eambial cell (xb5). Fio. S. Qemnimn-tridnts^ 'fa agent iai 
tiidinal section of outer secoiidaiy xylem of same stem indicating th** pn stona' uf hi»i} 
celled nmltiseriate rays in the later-formed secondary xylem. miylngcnet moditinu ion 
has not yet resulted in the elimination of rays in the later stages nf developinem of Urn 
secondary xylem (x95). Pig, 9. Sempervivnm arhoreum I.. f Urassulacea** K I’ransversr 
section showing portions of the pith and the rayless early seenmlary .\ylem. Xntr thi' 

^ ^ghosts” of muitiseriate rays extending outward from the tbth. Tangtmlial and r.ndiai 
longitudinal sections show that the woody ejdiiider is eoinpletely devui<l ef i-aw"' ■ 9d u 
Fig. m. Fraukenia (frandiHora CTt. and Schl. Transverse setuinu of 

secondary xylem of a root showing secondary thickening by means lU' sm'<n‘ssi\o onnjbin. 
Note the complete absence of rays, a condition cliaraeteristic of tliis tvpe of sirmdure 
(x95). 
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The iiifiueiice of clwarfiiig on the ray tissue of tlie secoiidar,v x^vlem 
usually affects the height and width as well as the number of rays (Forsaith 
1920). Commonly the multiseriate rays are eliminated and the uniseriate 
rays reduced in height (figs. 13, 14). Frequently the uniseriate rays are com- 
posed of vertically elongated cells only (figs. 12, 13, 14). Further reduction 
of the ray tissue tends to produce rays extended by solitary initials oi- b\' 
uniseriate strands of initials from three to four cells liigli. In extreme cases 
of reduction the xyleni ra.y cells are somewhat disjuncti\'e and tlierel(u*e 3iot 
radially contiguous. In certain members of the Cistaeeae tlie innerinost sec'on- 
dary xylem is devoid of rays while the outer parts possess only on(‘-('eiled 
uniseriate rays of the disjunctive type. 

As in tlie elimination of rays by cell enlargement, the teiideuey for su])- 
pression of rays affects first the early stages of secondary growtli. This is 
apiiarently true regardless of the degree of structurai specialization tlu* 
xylem or the extent to which the ray tissue is reduced. Thus in mairv s})eeies 
the multiseriate rays liave been eliminated frmn tlie inner seeomlary x\'lem 
leaving high-eelled uniseriates only, wliereas in the outer sec<)ndary xylmi 
both multiseriate and uniseriate rays are present. >Simiiarly, if only rtMlm-cd 
uniseriate rays are formed throughout tlie secoudarv' xylem, tliey are fre- 
quently less numerous in the early stages of developmeut autl ('om|)osed of 
cells which are more elongated vertically tlian ray cells in the later stages. 

It sliould be emphasized that in the eliniinatiou or reduet ion of rays tiiere 
is not a phylogenetic trend from lieterogeneity to homogeneity. Rather, tlie 
reverse is true, particularly of rays being eliminated by cell enlargeimmt, 
inasmuch as ray initials and their daughter cells progTessi\'ely iner<*ase in 
the vertical dimeusion instead of becoming more nearly isudiametrie. The 
anatomical modifications which characterize tlie redoction m* tfiiminat ion of 
ra^^s are identical in both roots and stems. There is no signifii-ani dii‘fortmw‘ 
in the ontogeny or the rate of phylogenetic specialization of ray tissue in the 
two major portions of the plant. 


Explanation of figures 11--14 

Fig. 11. Ardisia Braelcenridgei (A. Grav) Mez. (MTrsiii:K*eae), 'r:iug.*ia i;0 u>ng:i- 
tudinal section of secondary xylem sliowing the tendency to loss {»f rays hy ihv wriivnl 
elongation of ray initials, (^a5). Pig. 12. Staavia ghitimmi (1.) ThUg. i llruaia<a\‘u- o 
Tangential longitudinal section illustrating the tendency to reductiun of rays by >ii|»pres- 
sion of them in the cambium Multiseriate rays have been elimiuated ant! tho luiist'riatt* 
rays are composed solely of vertically elongated ceils (x95). Fna IM, ('an mn ('onnidii 
Torr. (Empetraeeae). Tangential longitudmal section showing marked redtucinn of ray 
tissue. Kote that many of the ray.s are reduced to the one-eelied uidserrate ccmdition 
(x230). Fig, 14. Tctratlieca ciliata Lindh (Tremandrueeae), Tangiuitiai longitudinal 
section illustrating reduction of ray tissue similar to that shown in figs. 12 and i;>. 1'he 
plants represented in figs. 12, 13, and 14 all exhibit conspicuous morphological as wvU as 
anatomical reduction (X 95), 
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ANOMALOUS SECONDARY GROWTH AND THE LOSS OF RAYS 

In iiiaiiY species of dieotyledoiis, partieularh^ in tlie Ceiitrosperinae, 
secondary tliiekening occurs by the activity of successive caiiibia. In siicli 
plants, particularly if secondary o-rowtli is ratlier liinitetl, tlie wooch* ('yliiuler 
is coiiinioiily devoid of ray tissue (fig'. 10). In some species, ni tlie iriiir^i’inost 
secondary xylein, and before the forma tion of supjileiiieiitary (-cimbia. ratlier 
poorly defined, liigli-celled multiseriate rays may be developed. Idu's(\ hoAv- 
ever, are not continuous across the ares of included phloem whicli are sub- 
sequently formed. Similarly, in the broader zones of iHiinterru|)ted se(*on- 
dary xylem of later stages, liigii-celled multiseriate ra\'s may lie |)]*<>duced, 
but these too are transitory and therefore do not constitute norma 1 rav' tissue. 

It is quite clear that the formation of successive cambia and ineliided 
phloem is not a stage in the phylogenetic modification of rays. Ib>we\'er, it is 
an anatomical modification whicli is closely associateil witli a loss of ra)- 
tissue and eomnionly results in the com])lete eliminatimi of ra\’s. 


SUAIMARY 

1. Extensive study of tlie anatomy of dicotyledons re\’eals tlie fm:t that 
ray tissue may be completely eliminated from tlie secondaiu' xvh^m. 

2. Tlie absence of rays is a liighly s|)ecialized condition, assciciatt^d witli 
reduction of eambial activity and in many cases witli a tendemw' towaiai tlie 
herbaceous habit of growth. The rayless condition nho oi'ciirs in main- fdaiils 
possessing anomalous secondary thickening. 

3. The elimination of rays is accom|>lished iiliylogenetiioilh' by the trans- 
formation of ray initials to fusiform initials. 

4. Conspicuous reduction, though rareh* coiufilete aliseiict* nf rays may 
result ill plants which have undergone divarting or extensive itHHlificatioiis 
in relation to xeropliytic or otherwise iuifa\'orable euximninenu. in tlmse 
eases the formation of ray initials is suppressed in the rambiuin. 

5. Pliylogenetieally, the elimination of rays is initial«sd in 1 In* txirtv ratlit»r 
than in tlie later stages of development of the secomlatw- xylem. The fendem'v 
for loss of rays is extended, phylogeneticaily, into su('ct‘s.si\'t‘ly iaici* staves oi' 
ontogeny until the woody cylinder is devoid of ra\' tissue. 

• Tlie writer ivislies to express his appreciation to i'h*(d'essor 1. '\\h 
for his interest and assistance in this study. 

Biological Laboratories, Harvard University, 

, G AM' BRIDGE, MASSACHUSETTS' 
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NOTES ON APHANIZOMENON WITH A DESCRIPTION OF A 

NEW SPECIES" 

Edward G. Eeinhard- 
(with five figures) 

Aphanizomenon is a familiar blue-gTeen alga common in the plankton 
of quiet waters, often forming* a heavy bloom on the surface of ponds and 
Jakes during the summer and earl.y autumn. Its plate-like bundles of agglu- 
tinated trichomes are veiy noticeable to the unaided eye, appearing like 
small bits of cut grass. 

Only a single species, Aphanizonienon Flos-aquae (L. ) Ralfs, has here- 
tofore been reported from the United States. This alga is so abundant at 
times that it dominates the plankton and gives the water a semblance of 
green paint. In a bay at the eastern end of Lake Sakatah in southern Minne- 
sota the writer observed a vast mass of Aphanizomenon^ probably concen- 
trated by the wind. The water contained Aphanizomenon filaments to the 
number of 2,500,000 per cc. Associated with this species were colonies of 
Microcystis aeruginosa Kuetz. numbering 600 per cc. This dense population 
of algae increased the dissolved oxygen content of the water to supersatura- 
tion on October 15, 1929, when this observation was made ; the water tem- 
perature was 22 C. 

The generic description of given by most phycologists 

includes the statement that the spores (akinetes) are solitary. Yet Sehmidle 
(1897) described a species possessing 1-3 spores in series. This species, which 
he called Aphanizomenon Kaufmannp is recognized as a true representative 
of the genus, but phycologists in general have neglected to revise the generic 
description to include the species with seriate spores. 

This neglect was mainly due to the fact that the description of the new 
species remained virtually unknown for a long time after publication, no 
doubt because it was incorporated in an article by P. Kaufmann which a^)- 
peared in an obscure publication, Revue F Egypte^ a imblication wliicii is 
now almost inaccessible. In 1914, however, Brunnthaler in Hedwigia brought 
KaiifmaniUs article to the attention of botanists by publishing a brief ab- 
stract of it and reprinting Sehmidle ’s Latin diagnosis of the species together 
with the original figures. The species is also described, but not figured, by 
Geitler (1925). It is one of the organisms chiefly responsible for the so-called 
^tgreeii water, an annual phenomenon of the Nile. 

1 Contribution from the Department of Biology, The Catholic ITiiiversitv of America, 
Washington, D. 0. 

2 The author is indebted to Prof. J. E. Tilden for assistance in this study, n-hich Avas 
begun in the Botanical Laboratories of the University of Minnesota. 
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While im^estigcitiiig the plankton of the upper Mississippi Rin^r and its 
tributaries (Eeinhard 1931), I came upon an ■which is strik- 

ingly different from A. Flos-aquae and resembles the species which Schmidle 
described from the Nile. It appeared in the plankton of the Minnesota Itiver 
and was so abundant that it imparted to the eoneentrated plankton sediment 
a very noticeable blue-green color, which was even apparent, though inucli 
less distinct, in the unconeentrated water. The sample from the Minnesota 
River was taken at Mendota on July 31, 1928, from a depth of five feet in 
mid-channel. This species was found in associafion with other algae as 
follows : 

A.p}ianisom.e7ion sp. nov 22,200 individuals i^er cc. 

Melosira granulata 186 ^ ‘ ^ 

Gyrosiguna Spenceri 42 ^ ^ an 

Green flagellates 96 

In the Mississippi River likewise, below its coniiiience with the Minnesota, 
this AjplKmkomenon was present in the plankton as far down as the head 
of Lake Pepin. Above the Minnesota it did not oceur at all. The numbers, 
however, progressively diminished in the Mississippi water, and it is ap- 
parent that the Aphanizomenon originated and developed in the Minneso'di 
and was contributed to the Mississippi plankton by the tributary w^ater., 

The Minnesota is a broad, slow^-moving stream with scarcely any slope in 
the last fifty miles of its course. It occupies a wide valley, the bottom lands 
marshy and fringed with ponds. It is probable that the 
originated in these marshes. 

The month of July was a period of relatively low water with high, tem- 
peratures. During this period the temperature of the Minnesota River wris 
26° C., the warmest record for the year. 

Like the ApJianizonienon of the Nile, the Minnesota species w^as short- 
lii'ed as a plankton constituent. The following table gives the only oeciir- 
rences of this peculiar species throughout the 1928 plankton investigation, 
although collections were made every two weeks from February to October. 


TABLE 1 


Stations 

Miles 

below 

Minnesota 

Eiver 

Bate 

Water 
tempera- 
ture 
' °C. 

1 Apha7ii!^onienon 
filaments 

1 per cc. 

Minnesota Eiver at mouth 

0 

Julv 31 

23 

22,200 

Mississippi E. at Inver Grove 

15 

July 31 

23 

^ 1,200 

Mississippi R. at Hastings 

33 

Aug. 2 

22 

1 530 

Mississippi E. at Bed Wing 

55 

Aug. 1 

,24 

■465 

1 


This alga, allied to A. Kaufmanni, appears to be a new species. I propose 
to name it Aphanizonieiton americanum^ since it is the first species of ApJiani- 
zomenon to be described from the United States. 
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Aphanizomenon americanum Keinhard, sp. nov. Filaineiitis solit arils aiit 
in laininiilis tenuitor inter se eoiiiiinctis, rectis aiit quasi ciirvatis A^el prope 

siji'iiKjideis, aeniji-ineis, ad 200 |_i loiigis, ad disseptimeiites vix visibiles non 
(■oiistrictis ; ti'ielioinatibu.s ad unuin aut utrumqne apieem elongatis quasi 
(■audatis; apicibus ox 1—3 cellulis tenuibiis forinatis, eelliilis apicalibus ad 
16 p longis, cellulis veg-etativis cylindrieis, 2-3 p latis, 6-13 p longis, pseudo- 
vacuolis rubris. Sporis singulis aut duobus eontiguis, elongatis, fere cylin- 
drieis et utriinque rotundatis, 3-5 p latis, 6-13 p longis, intus quasi granu- 
losis. Heteroeysta (solain unam vidi) longe elliptiea, 2.6 p lata, 3.5 p longa, 
sporis proxima. 

Plant mass floating ; trichomes 100-200 p in length, solitary or loosely 
united in thin plate-like bundles, straight, slightly curved or nearly sigmoid, 
tapering at one or both ends into caudate extensions of 1-3 apical cells, ]iot 
constricted at the joints, blue-green in color Avith reddish pseudovaeuoles. 
Vegetative cells cylindrical, 2-3 p iu diameter, 6-13 p in length, narroAved 
apical cell sometiiiies reaching a length of 16 p. Aldnetes 3-5 p in diameter, 
6-13 p in length, single or geminate, snbeylindrical, elongate, rounded at 
both ends; cell contents granular. Heteroeyst (I haA-e seen but one) 2.6 p in 
diameter, 3.5 p in length, someAvhat elliptical, situated adjacent to the 
akinete. 
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Figs. 1-5^ Aj)ha%izoynenon americanum Keinhard. Fig. Q, AiAianizomenon Flos-aquae 
(L.) Halfs, drawn to same scale for comparison. All x 900. Fig. 1, typical appearance of 
tricliome. FiG. 2, young sterile trichome. Fig. 3, two large akinetes witli a heteroeyst 
aliove. Figs. 4^ 5 , trichomes with akinetes, drawn to show cell walls. 

A comparison between Sehmidle’s description of the Aphanizomenon of 
the Nile and the deseription which I have just given of the Minnesota plant 
does not appear at first glance to bring* out any clear-cut distinctions between 
the two. This is partially due to the limitations of language and to the brevity 
of the earlier description. But if the drawings of the two forms are used to 
illustrate the meanings of the words employed it becomes evident at once that 
significant differences do exist. Only an exact comparison of actual speci- 
mens can, of course, positively demonstrate every point of dissimilarity. 
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Aplianizomenon americanum appears to differ from . 1 . Kaufnia/iini 
Seliinidle in the following resiieets : 


A. Kaiifmanni A. a iitfrifuiti ii }ii 

One attenuated apical cell. A series of attenuated ('ells at llie apict's. 

Apices soinetiines twisted si)irallT. Apices always straight. 

Leiig'tli of lieteroeyst at least twice the Length of hetiM'oc'vst less tlian twice the 
diameter. diameter. 

At'inetes somewhat eldptical. Akinetes witii sides practically parallel. 


The septa separating the cells of A. americanum are not diseernihh^ unless 
special methods are employed to demonstrate them. Staining the tri('].i{nnes 
with an aqueons solution of neutral red works well on material pres(U*t'ed in 
formalin and brings out the transverse septa very clearly. 

Department op Biology, The Catholic University 
OP America, 

Washington, D. C. 
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A NEW CYPERACEOUS GENUS FROM NORTHERN 
SOUTH AMERICA 

Charles Gilly 


Ploristic and taxonomic studies have revealed the presence of a great 
number of endemic genera in the Sierra Pacaraima, an ancient nioiintain 
complex along tlie Venezuela-Bra-zil-Britisli Guiana boundary. The botan- 
ical collections of Mr. G. H. H. Tate from Mt. Roraiina, Mt. Duida, and Mt. 
Auyan-tepui have been the basis for the description of many of these en- 
demics. Among his collections were specimens of dioecious Cyperaceae which 
are here recogni: 2 ed as an addition to the list of endemic genera of this area. 
Dioecism, of itself, cannot of course be regarded as a generic character in 
the Cyperaceae, but dioecism together with a sufficient number of habital 
characters can serve as an indicator of generic difterence. 

Bockler (1) in 1874 described Crypiarighim stellatum on the basis of a 
pistillate plant, Schonibiirgk 1227, from British Guiana ; the exact collection 
locality of this specimen is not given, but it quite certainly is somewhere near 
Mt. Roraima. C. stellatiini differed from other members of the genus not so 
much in its dioecious character, for there w^ere already other knowm dioecious 
species of Crypiangiiim, as by the arrangement of its leaves and inflores- 
cence. The staminate x>Mnt of the species was described in 1886 by Ridle}" 
(5) ; botli Ridley ^s description and the figure wdiicli ax)peared in 1887 (7) 
were based on ini TJmrn 357 from Mt. Roraima. Ule also collected staminate 
plants from Mt. Roraima (6), and I have previously reported (3) the stami- 
nate collection made by Tate on Mt. Auyan-tepui. Among the specimens re- 
ferred to the genus Everhardia^’ by Britton in the Diiicla report (2) was 
Tate 542, which I have already excluded from Everardia (4) ; comparison 
of this specimen with the Tate specimens of Cryptangimn stellatum from Mt. 
Auyan-tex)ui leaves little doubt that, despite their superficial dissimilarit}^ 
they are congeneric. Inasmuch as I am convinced that they represent a sepa- 
rate genus, distinct from and not at ail close]}" related to I 

propose for them the following name : 

DIDYMIANDRUM^ GiLLY, GEN. NOV. 

Herba perenna terrestris vel epiphytica dioica ; culmi rhizomati lignosi 
erecti triangulares; folia eonferta subverticiilatim terna disposita persis- 
tentia; vaginae rigidae truncatae; inflorescentia multipaniculata multi- 
ramosa multispiculata interrupta, paniculae singulares in tertia quaque 
axilla ; spieulae maseulae geminae vel rare solitariae vel tres simul, giumis 

1 Derived from tAvo Greek words meaning twin and male, in reference to the usually 
X)aired staminate spikelets. 
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exterioribiis I’acuis 5-8, g'liimis iiiterioribus fertilibiis 2-8; staiiiiiia a gliiiiia 
fertili subtenta 2-3, fllamentis persist eiitibiis ; si)iciiiae foeniineae l-fiorae 
solitariae yel rare geminae, gliiniis 5-?; achaenium triangnlarium trieo- 
statiiin a pice rostrato; periaiitliio trifido, lobis bifidis eiliolatis; stylo trifido. 

Type species : Cryptangium stellatuni BockL 


Didymiandru^m is most closely related to the genera Errnirdia and 
CephaloccD'pns, both of ivliieh are Sierra Paearaiinan endenii('s, and Avitn 
them is referable to the tribe Lagenoearpeaeu Bidy'miayidrum may be most 
easily separated from these other two genera by its dioecious inflorescence 
and the siibYerticillate arrangement of its leaves. 

key to the species^' 

Leaves lanceolate to lanceolate-elliptic, 5-18 cm. long, 2.5-4 cm. Avide, 
either entirely glaljrous or glabrous except for the Avhite-ciliate 


margins 1. I). stellatum 

Leaves narrowly linear, 15-25 cm. long, 1.5 mm. or less in Avidtii, 

minutely soft-pubescent on both surfaces 2. D. flexifoUvm 

1. Didymiandrum stellatum (Boekl.) Gilly, comb. nov. Cryptangium 


stellatuni Bockl. Linnaea 38 : 421. (descr. plantae J). 1874; descr. ainpl. 
Kidley, in im Thnrn, Timehri 5 : 209. (descr. plantae (^). 1886. Acrocarpus 
stellatiis Nees; Bockl. Linnaea 38 : 421 (in synonymy). 1874. Lagenocarpus 
stellatus (Bockl.) Kiintze, Eev. Gen. 754. 1891. 

Ciilmi strieti ad 1 m. alti; folia laneeolato-elliptiea vel lanceolata plana 
oniniiio glabra vel glabra praeter margines eiliolatos, 5-18 cm. longa, 2.5-4 
cm. lata ; enlmiis quisqne floriferiis imiltiriunosiis, cum inflorescentia ad 20 
cm. altus; spiculae masculae ad 6 mm. longae, gliimis vacuis 6-8 ovatis vel 
lanceolatis mueronatis 1-2 mm. longis, glumis fertilibns 2-4 lanceolatis 
aeiitis vel aeuminatis ad 4 mm. longis ; spiculae foeniineae subturbinatae ad 
3-4 mm. longae, glumis 5 ovatis inferioribns cuspidatis superioribiis muero- 
natis ; achaenium obtuse triangulare tricostatum ad basim obovatum, apice 
rostrato attenuato subtruncato ; perianthio trifido, squaniis bifidis eiliolatis ; 
stylo brevi, stigmatibus 3. 

Specimens examined: Venezuela-Bolivar : Mt. Auyan-tepui, 2200 im, 
Dec. 1937, Tate 1348 (NY). Also reported (5, 6, 7) from Mt. Rorainia. 

2. Didymiandrum flexifolium Gilly, sp. nov. Planta masciila : Rhizomati 
ad 3 mm. diam. et 30 cm. alti; folia linearia acuta persistentia piibesceritia 
plana praeter apieem bicarinatum, 15-25 cm. longa, 1.5 mm. minusve lata ; 
eulmus quisque floriferiis rigidus erectus, cum inflorescentia 5-15 cm. altus ; 
spiculae masculae 5 mm. longae, glumis vacuis 5 ovatis subbifidis mueronatis 
ad 1 mm. longis, glumis fertilibus 6-8 lanceolatis acutis 4-5 mm. longis. 
Planta foemina et achaenium ignota. 


2 This tribe is usually called the Gryptangiae, but because of the doubtful status of 
the genus Cryptangium I am following Pfeiffer in the choice of a tribal name. 

3 Specimens examined in this study are deposited in the herbarium of the Neiv York 
Botanical Garden (INY), and in the United States National Herbarium at Washington, 
13. C. (US). 
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Specyi'niens examined: Venezuela — territorio amazonas : Mt. Diiida, epi- 
phvtic OB bark of tree, fiat wear ^stream at Central Camp, 4800 ft., Dee. 20- 
28^' 1928, Tate 542 (NY, type ; US ) . 

The New York Botanical Garden, 

New York, New York. 
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COMPARATIVE STUDIES ON THE STRUCTURE OF THE 
SHOOT APEX IN SEED PLANTS^ 

Adrian CE S. Foster 
(with four figures) 

INTRODUCTION 

In common with other Yaseular plants, the typical sporophyte of the seed 
plants has the ability to produce, througlioiit its growing* periods, a succes- 
sion of organs and tissues on a theoretically unlimited scheme. This method 
of development is possible first of all because small areas of dividing* and 
enlarging cells, localized at the apices of shoots and roots, are permanently 
maintained in a state of potential activity. From these embryonic areas, 
which are designated as terminal meristems, there arise the primordia of 
foliar organs and the ‘^primary tissues’’ of the stem and root. 

Following the classical researches on apical growth made by Nageli dur- 
ing the middle of the last century, much labor was devoted to the study and 
interpretation of structure and growth in terminal meristems. In particular, 
the meristematie apex of the shoot, because of its dual role as the initiator 
of appendages and the primary tissues of the axis, attracted considerable 
attention. Among the celebrated botanists who contributed to a knowledge 
of the shoot apex may be mentioned Hofmeister (1857), Hansteiii (1868) , 
Pringsheim (1869), Strasburger (1872), Sachs (1878), Haberlandt (1880), 
and Schwendener (1879, 1885). It is not my intention to review at this time 
these early pioneering studies, since the details are adequately preseiited 
in Schuepp’s (1926) monograph on meristems as well as in a recent histori- 
cal resume by the writer (Foster 1939b) . It is necessary, however, to empha- 
size that the structural picture of the apex which emerged from most of 
these studies was that of a complex network of cell walls (cf, especially 
Sachs 1878). This highly formalized and ‘Tifeless” representation of the 
cellular structure of the apical meristem resulted in the first place from the 
crude microtechnique then in vogue, which consisted in the treatment of 

1 Invitation paper read before Section G of the A.A.A.S. at the Philadelphia Meeting 
on December 28, 1940. It is a pleasure to thank my wife for her assistance in preparing 
the drawings made to illustrate this paper, 
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hand sections with Eau de Javelle or KOH in order to remove eompletelv 
all protoplasm. But aside from the limitations imposed b}- technique, great 
importance was attached to the details of the cell-wall mosaic because of 
efforts to determine the exact origin of cells either from a single definitive 
apical cell or from a series of initials. From this standpoint,, one of the chief 
objeetiA^es of inquiry in the study of the shoot apex Avas the plan of cell 
arrangement Avith reference to the initials. This could be AuvidlA" described 
and depicted in terms of an intersecting network of cell Avails. 

The unfortunate result of this restricted form of inquiry Avas that the 
larger questions of the cellular organization and activity in the apex as a 
AAdiole and the nature of its relation to groAvth and differentiation in the 
shoot continued to be neglected. Hanstein’s (1868) histogen theory, it is 
true, seemed at first to provide a solution to the problem of tissue differenti- 
ation in the stem and root. But the careful studies of Koch (1891, 1893) and 
Schoute (1903) among others, during the latter part of the 19th eentury, 
demonstrated the impossibility of recognizing a rigid correspondence be- 
tween specific cell layers in the apex and the origin of leaves and the pri- 
mary tissue systems of the shoot axis (cf. also Foster 1939b). This idea has 
been further sui)ported by an intensive study Avithin recent years of apical 
ontogeny in the shoots of certain periclinal ehimaeras (Lange 1927). It 
seems clear from this Avork that, with respect to the number of generative 
layers involved, there is no uniform scheme of bud and leaf initiation in the 
angiosperms im^estigated and that the problems of tissue and organ determi- 
nation are not to be soh’-ed by a theory of specific histogens (Pkister 1936, 
Jones 1937). Indeed F. 0. Bower (1935, p. 328), Avhose early studies on the 
terminal meristems of ferns are a classic in morphology, has reached the con- 
clusion that ‘^on the one hand apical segmentation, and on the other mor- 
phological definition, Avhether external or internal are distinct processes, 
each of AAdiieh is determined by the apical region as a Avhole, and not by its 
segments.’’ 

The aboA^e quotation from BoAver serves to show the unsatisfactory state 
of our knowledge of the role of the shoot apex in the differentiation process. 
We must admit, I think, that the continued emphasis merely on the formal 
questions of cell origin and cell arrangement in apical meristems holds little 
or no promise of furnishing additional insight into this fundamental prob- 
lem. What is needed is a more realistic approach, utilizing the advantages 
of modern botanical technique in an effort to study all possible aspects of 
ceir structure and cell actmty rather than simply the mosaic of cell Avails. 

The purpose of this paper is to describe the most significant results of 
certain very recent cyto-histological studies on the shoot apex of seed plants. 
One of the most interesting aspects of these exploratory studies is the demon- 
stration that the so-called ‘‘primordial meristem” of the apex Amries eon- 
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siderably in its structure in different plants and that it s}i()iild iio Jon.iiia* he 
regarded simply as an ‘^undifferentiated” or homogeneous tissue as is done 
by sucli authors as Haberlandt (1914, p. 73). On tlie contrary, the apical 
meristem is segregated into more or less well-defined tissue zones. These 
zones are distinguished from each other by such features as cell size, nuclear 
size, planes of cell division, relative frequency of mitosis, reaction to ])lasma 
and nuclear stains, and relative thickness of cell walls. As I shall show in 
describing the various types of zonal patterns, this structural diversity in 
the so-called primordial meristem is not only interesting from the stand- 
point of comparafive anatomy but also appears to throw new and important 
light upon the nature of organ and tissue differentiation. For convenience 
and emphasis, the observations will be separately described under the main 
groups of gymnosperms and angiosperms whicli have been examined froiii 
the new point of approach. 

GYMNOSPERMS 

Recent investigations have revealed a number of interesting types of 
zonal structure in the shoot apex of the gymnosperms. Since the limitations 
of space do not permit of a detailed contrast between the various types of 
zonal patterns, I shall attempt to summarize only the most significant of the 
new facts. 

Coniferales. The apex of Abies venusta (Doiigl.) K. Koch illustrates a 
zonal pattern which is apparently wide-spread in the conifers (Koch 1891, 
Korody 1937, Cross 1939, Foster 1939a). In this type, the tissue of the apex 
is segregated into two well-defined zones, viz. : an outer periplieral zone of 
deeply-stained, actively-dividing cells from which ultimately arise the leaf 
primordia as well as the epidermis, cortex, and provascular tissue; and an 
inner core or centml-t issue zone, composed of filamentous groups of highly- 
vaeuolate elongating and dividing cells, which is the precursor of the pith 
(fig. 1). Both of these zones originate from a small ill-defined subterminal 
group of “mother cells” which in turn have arisen from the inner deriva- 
tives of the apical initials (fig. la). Except for a more regular surface cell 
layer, this zonal pattern is duplicated fundamentally in the apex of Arau- 
caria Bidwilli Hook., and Cross (1939) has recently described a similar type 
of zonal structure for the apical meristem of the shoot of TaxocLium disti- 
chum (L.) Rich. One of the most significant features of this type of apical 
structure is the inequality between the two zones with respect to the reladive 
rates of cell division, cell enlargement, and cell maturation. The central tis- 
sue zone is tjpiSied by the polarized growth and the rapid progressive elon- 
gation of the cells from their point of origin. In contrast, the peripheral zone 
exhibits less evidence of early specialization and appears to consist of a 
rather uniform tissue in which cell division rather than cell enlargement 
predominates. Further consideration of the implication of these differences 
will be deferred until other types of zonal structure have been described. 
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Ginkgodes and Gycadales. As representatives of the two most primi- 
tive gToiijis of living* seed-bearing plants. Ginkgo and the cyeads have natii- 
rallv attracted niiicli morphological study and speculation. But it is only 
within the last two years that information has appeared regarding the cyto- 
liistology of the shoot apex of these archaic seed plants. A priori, it might 
be assumed that the so-called primordial meristem’’ of the apices of these 
ancient spermatophytes Avould be simple and undilferentiated in structure. 
On the contrary, the apical meristem exhibits, in a very impressive way, a 
distinct and complex type of zonation. 

In Ginkgo (Foster 1938) the apices of both spur and long shoots are 
fundamentally similar in zonal structure. The most distinctive feature is 
furnished by the central mother-cell zone which consists of a well-demar- 
cated cup-shaped group of large, lightly-stained cells situated directly be- 
neath the apical initials (%. 2). Because of their large size, irregular 
arrangement, huge nuclei, prominent and unevenly thickened walls, and 
relatively infrequent divisions, the central mother cells diverge strongly 
from the features usually associated with the primordial meristem in the 
seed plants. Of particular interest, however, is the renewed mitotic activity 
Avhich appears at the lateral and basal margins of the zone of central mother 
cells, since from these areas there originate the bulk of the peripheral tissue 
zone and the Z 07 ie of rib meristem (fig. 2b). The relation of this peculiar 
zonation to the differentiation process is interesting. As in many conifers, 
the peripheral tissue zone is composed of deeply-stained actively dividing 
cells and ultimately gives rise to the foliar organs, epidermis, cortex, and 
provascular tissue. But with reference to the origin of the pith, an impor- 
tant difference exists. In Abies, for example, this tissue is propagated di- 
rectly by the progresswe basipetal maturation of the cells of the central 
tissue zone (figs. 1, la). In Ginkgo, however, there is interpolated betAveen 
the apical initials and the rib meristem from AAdiich the pith originates, a 
central mother-cell zone, clistinctiA^e in its structure and characterized b.y 
random’^ cell expansion, rather than uniform cell division. From the 
standpoint of groAvth, this zone therefore may be regarded as a region of 
pronounced cell enlargement maintained between tAvo Avell-defined areas of 
more acth'e ceil multiplication (figs. 2a, 2b, 2e). 

Our knoAvledge of the cyto-histology of the shoot apex of cycads is at 
present unfortunately limited to the results of studies on three genera, so 
that caution must be exercised in making comparisons. Nevertheless, it does 
appear significant that a similaidty exists betAA^eeii the zonal structure of the 
apex of Gvnkgo on the one hand and the species of cycads examined, on the 
other. The resemblances seem particularly interesting in view of (1) the 
much greater size of the apex in the cycads, AA^hich may reach the enormous 
diameter of 3.5 mm. in Cycas revoluta Thimh., and (2) the striking differ- 
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Pig. 1. Outline of median loiigiseetioii of the shoot apex of Ahles veriusta (diameter 
at base 230 microns) showing tlie position and extent of tlie apical iiiitials (1) , the sub- 
terminal ^ Another cells (2), the zone of peripheral tissue (3) and the central-tissue 
zone or rib meristem (4). Pig. la, cellular structure of the sector of the apex indicated 
in figure 1. The small group of subterminal mother cells, shown with nuclei, is the com- 
mon point of origin of rib meristem and peripheral tissue. Pnrther explanation in the 
text. In this, and all subsequent drawings of cell detail, the magnification is approximately 
250 diameters. 

Pig. 2. Outline of median longisection of the apex of a long shoot of Ginl'go 1)1101) a 
(maximum diameter 321.75 microns) sliOAving the position and relationships of the apical 
initials (1), the cuxi-shaped zone of central mother cells (2), tlie zone of peripheral tissue 
(3) and the rib meristem (4). Pig. 2a, the surface cells at the summit of the apex. 
Note prophase and recent periclinal division in the two apical initials shown in this sec- 
tion. Pig. 2b, cellular structure of the triangular sector of the apex indicated in figure 2. 
The zone of central mother cells is well-defined by the large size, irregular arrangement 
and shape, huge nuclei and uneven wall-thickenings of its component cells. The point of 
origin of the rib meristem and peripheral tissue from this zone (represented diagrammati- 
cally in figure 2 by the broken outline) is shown by a renewal in mitotic activity and a 
marked decrease in cell size. Note that certain of the original wall- thickenings of the 
central mother cells are carried over ^7 into the young rib meristem. Fig. 2e, small por- 
tion of rib meristem below that shown in figure 2b. Observe the filamentous cell-series and 
the absence of irregular wall-thickenings. 
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eiiccs betweeii tiit? iiiorpholog'y of the shoot system of eyeacis and the maiden- 
hair tree. 

The zonal pattern of the shoot apex of Dioon edule Liiidl.^ is remarkably 
like that of Ginkgo. A deeply-situated and clearly delimited central mother- 
cell zone, derived from an extensive series of ‘daiitials, ” is the common point 
of origin for the massive zone of rib meristem and the bulk of the peripheral 
tissue -zone (fig‘s. 3, 3a). As in Ginkgo, these two zones can be traced to a 
renewed intensity in cell division at the edges and base of the zone of central 
mother cells (figs, 3b, 3c). Apparently a distinctive character of this zone, as 
contrasted with Ginkgo, is the greater variability in the size of the com- 
ponent cells. This probably reflects the wide degree of flnctuation in the rela- 
tive frequency of cell division and cell enlargement in various portions of 
this zone. Johnson (1939) has recently examined the zonal structure of the 
apices of three Florida species of Zamia. It is evident from his drawings and 
descriptions as well as from observations made by the writer (1939a) that 
the histology of the apical meristem in these forms is closely similar in basic 

Explanation of figures 3 and 4 

Fig. 3. Outline of inedian longisection of the shoot apex of Dioon edule (maxiininn 
diameter 1677 microns) sliowing the position and relationships of the extensive zone of 
initiation (1), the deeply-situated zone of central mother cells (2), the peripheral tissue 
zone (3) and the broad zone of rib meristem (4), Note the foliar primordia at the base of 
the dome-shaped apex. Fig. 3a, cellular structure of small sector tlirough the initiation 
zone, showing a perielinally divided surface cell and the tiered arrangement of the inner 
cells. Note the irregular wall thickenings. Fig. 3b, cellular structure of the triangular 
sector of the apex indicated in figure 3. As in Ginlcgo (fig. 2b) the addition of new cells 
to the zones of rib meristem and peripheral tissue occurs respectively at the base and 
sides of the zone of central mother cells (broken outline in figure 3). Note the wide 
variation in size and form of the central mother cells (shown with nuclei) and the mas- 
sive wall-thickenings. These decrease markedly in prominence in the distal portions of 
zones 3 and 4. Fig. 3c, small portion of tlie rib meristem below the region shown in 
figure 3b. Prominent wall-thickenings are absent, as in the comparable region of the apex 
of Ginkgo (fig. 2c). 

Fig. 4. Outline of median longisection of the very broad shoot apex of Cycas revoliita 
(maximum diameter 3412.5 microns) showing the four main tissue zones (zones 1-4). 
In contrast to Ginkgo and Dioon, there is no sharp demarcation betw'een tlie central 
mother cells (2) and the adjacent zone of rib meristem (4). The broken outline however 
indicates that most of the peripheral tissue zone (3) originates from the edge of zone 2. 
The outer portion of the peripheral tissue, shown by the double outline on tlie flanks of 
the shoot apex, consists of the surface cells and their recent periclinal derivatives. 
Fig. 4a, cellular detail of small sector through the initiation zone (zone 1, fig. 4) showing 
frequeney of periclinal divisions in the surface cells. Fig. 4b, a small group of central 
mother cells. Note large size of cells and prominent wall- thickenings. Fig. 4c, cellular 
structure of a small portion of the transition region between zones 2 and 3, showing the 
characteristic renewal in mitotic activity and the origin of the obliquely-arranged cell 
groups of the peripheral tissue. Fig. 4d, details of cell structure and arrangement at the 
point of origin of the rib meristem from the central mother cells (shown with nuclei). 

2 A detailed account of the structure of the shoot apeex of this cycad will be pub- 
lished in the near future. 
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type to that of Dioon edule. The most intensive study, however, has been 
devoted to the shoot apex of Cycas revoluta (Foster 1939a, 1940). Whether 
one examines the relatively delicate conical apex of the seedling or the huge 
plateau or dome-shaped meristem of the adult plant, it is apparent that the 
central mother cell zone is less sharply demarcated than in either Ginkgo, 
Dioon, or Zamia (fig. 4). This is chiefly so because there exist no sharp 
boundaries between pith, rib meristem, and central mother cells (figs. 4b, 
4d). In short, the renewal of mitotic activity in Cycas is most clearly seen 
at the edges of the central mother cells in connection with the propagation 
of the inner region of the zone of peripheral tissue (fig. 4c). All the species 
of cycads which have been investigated agree with Ginkgo in that the rela- 
tively enormous pith of the shoot axis originates from the rib meristem while 
the foliar organs, provascular tissue, epidermis, and cortex are produced by 
the zone of peripheral tissue. The latter, however, is not uniform in respect 
to the size or the staining qualities of its cells. Bspeciall}^ in Cycas revoluta, 
it consists of a shallow outer region made up of very small, deeply-stained 
ceils and a more extensive inner region of larger and more obviously vacuo- 
late cells (fig. 4). 

ANGIOSPERMS 

The fact is now well-established that in many angiosperms the cells of 
the shoot apex are arranged in two distinct zones, viz. : an outer zone or 
tnnica composed of one or more la^^ers of small, essentially similar, thin- 
walled cells enclosing an inner zone or corpus in which the cells are irregular 
in size and arrangement.*^ Under the influence of the tunica-corpus theory 
(Poster 1939b, Eiidiger 1939) the chief jioints for investigation have been 
(1) a determination of the number of layers composing the tunica and (2) 
the respective roles of tunica and corpus in the initiation of leaf and axillary- 
bud primordia. As a consequence, very little attention has been devoted to 
the ejdo-histology of the shoot aj^ex in flowering plants. It is clear, however, 
even with the meagre information at our disposal, that in addition to the 
more familiar type of shoot apex, there exist other types of zonal structure 
some of which invite direct comparison with the conditions just described 
for the more primitive gymnosperins. Furthermore, Gregoire (1938) has 
recently concluded that there is a fundamental difference between the zonal 
structure and growth of the terminal meristem of the flower and the vege- 
tative shoot in the angiosperms (cf. Poster 1939b). Unfortunately, however, 
our knowledge of the comparative histology of vegetative and floral apices 
is at present meagre and final judgment of Gregoire ^s radical viewpoint 
must await the results of further research (cf. especially Brooks 1940 and 
McCoy 1940). 


cf . postscript. 
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Cactaceae. Boke'*- has recently completed a study of tlie striictiire of the 
shoot apex in two species of this much -neglected family, viz. : Opuntia 
cylindrica DC. and Trichocereiis spachianus Riceob. In both of these species, 
the surface cells of the apex form a more or less discrete layer or ‘Diiniea. ’’ 
The internal tissue of the apex, however, does not correspond in structure 
or behavior to the corpus region of such ‘‘typical” angiosperms as Cary a 
(Foster 1935) , Rhododendron (Poster 1937), or Acacia (Boke 1940). On the 
contrary, a zonal pattern obtains which recalls the situation in the apex of 
Ginkgo or Bioon. Prom the sides and base of the well-defined zone of vacuo- 
lated, irregularly arranged thick-walled cells there arise respectively the 
peripheral tissue zone and the zone of rib meristem. The latter differentiates 
into the pith and in Trichocereus also into the medullary vascular system 
while the peripheral tissue zone gives rise to the leaves, areoles, epidermis, 
cortex, and the main system of vascular bundles. 

Palmaceae. Ball'^ has made a comparative study of the shoot apices of 
Fhoenix ca/nariensis Chaub., Phoenix dactylifera L., Washmgtonia fiUfera 
Wats., and Tr achy carpus excelsa WendL, and the results of this investiga- 
tion clearly indicate the existence of two distinct types of zonal structure. 
In W ashing tonia and TrachycarpuSy the tunica is biseriate and lies directly 
in contact with a poorly-defined corpus zone from which the rib meristem 
originates. The apex of Phoenix^ however, exhibits a very divergent zonation. 
This consists in the presence of a large zone of small, lightly-stained, and 
irregularly-arranged cells from the sides and base of which, by means of 
cambial-like cell divisions, there arise respectively the peripheral and rib 
meristem zones. A further but less significant contrast is produced b.v the 
presence in Phoenix of a uniseriate tunica. 

SUMMARY 

A brief description and comparison have been given of the main results 
of recent studies on the cyto-histology of the shoot apex in certain gymno- 
sperms and angiosperms. The most significant implications of these investi- 
gations may be summarized as follows : 

1. The so-called primordial meristem of the shoot apex in seed plants 
cannot be regarded as either ‘^simple” or ‘ hmdifterentiated ” in structure. 
On the contrary, the cells of this meristem are segregated into more or less 
well-defined iissue zones which are demarcated by such characters as cell 
size, the structure and intensity of staining of the protoplast, the relative 
thickness of the cell wall, and the proportional rates of cell division and cell 
enlargement. 

2, The extent and relationship between the various tissue zones appear 
to reflect the type, direction, and distribution of growth in the apex. Prom 


4 The results of this study will be published shortly. 

^ A detailed paper describing this investigation is in course of preparation. 
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this aspect, the various zonal patterns which have been described are of 
interest from a niorphog'enetic as well as a purely comparative standpoint. 
In the peripheral tissue zone, growth is manifested largely in cell division 
and there is a pronounced tendency to delay cell maturation. It seems sig- 
nificant therefore that this highly active zone is the area of initiation of foliar 
structures and provascular tissue in various groups of seed plants. The zone 
of central mother cells, which is so prominent in the apices of some plants, 
is a region characterized by impressive cell enlargement rather than uni- 
form” cell division (figs. 2b, 3b, 4b). The renewed mitotic activity which 
occurs at the sides and base of this zone is very suggestive of the accumula- 
tion of some type of hoimione which stimulates or controls cell division. 
Finally, the zone of ril) meristem which is compiosed of vertical, filamentous 
series of genetically-related cells, represents a tissue of the apex typified by 
polarized growth an& progressive enlargement and cell maturation (figs, 
la, 2c, 3e, 4d). 

3. In the light of the studies reviewed in this paper, it is very doubtful 
whetheT the importance usually attached to the initial” cell or cells in a 
growing apex is justified. On theoretical grounds, it is admitted that in many 
gymnosperms all the tissue of the apex originates from the division of sur- 
face cells (figs, la, 2a, 3a, 4a). But Avhether these cells are constant in num- 
ber, form, and sequence of division is highly doubtful. In the massive apex 
of Cycas revoluta for example, it is obvious that a yery large number of 
morphologically identical surface cells and their recent derivatives collec- 
tivefy represent an initiation zone. However, no one cell or group of cells 
seems to dominate in this zone (fig. 4a). Comi.)arable diffieulties also arise 
with the more delicate apices of such angiosperms as Acacia. Here the zonal 
pattern consists of three more or less discrete tunica layers which envelop a 
central zone or corpus. According to Boke’s (1940, p. 77) observations, 
however, tunica and corpus are not rigidly defined” zones and furthermore 
it proves impossible to designate any particular series of superposed cells 
as the ^‘initials” of the tunica la^^ers. In view of these facts, it seems that the 
question of the number of initial cells is relatively insignificant as com|.)ared 
with the broader problem of the coordinated pattern of growth which 
expresses itself in the various types of zonal structure which have been 
described. 

4. The picture of the apex which emerges from these studies is essentially 
dynamic in character. Indeed the evidence from comparative histology sup- 
ports the recent conclusioh of Thoday (1939) that 'Hhe shoot apex is a self- 
determining and dominant center of development.”’ 

5. From the standpoint of our present knowledge, there is no sure indi- 
cation as to the nature of the most primitive type of apical meristem in the 
shoot of seed plants. The zonal pattern in the apices of Gin'kgo and certain 
of the eyeads may well represent an extremely ancient condition. But the 
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striking parallel in zonal structure furnished hy certain angiosperms indi- 
cates the urgent need for a continued systematic exploration of the eyto- 
histology of the shoot apex of seed plants along broad c()mparati\'e lines. 

Departaient op Botany^ University op Califoiuxia 
Berkeley, California 

Postscript. The tunica-corpus theory has received support from the 
recent experimental studies of Satina, Blakeslee and Avery (1940a) whose 
paper was published after the presentation of the present article. These 
investigators succeeded, by means of treating seeds with dilute solutions of 
colchicine, in inducing various kinds of periclinal chimeras in Da/io'a stra- 
monium. It was found that each of the two layers of the tunica, as well as 
the outermost ‘dayer” of the corpus of the shoot apex responded indepen- 
deri tly to the colchicine treatment in that ‘^any one of these germ layers in, 
the chimeras ma.y remain diploid, with cells coiitaiiiing 24 ehromosoraes, 
while the others become polyploid with tetraploid or octoploid cells. ’ ’ These 
variations in chromosome number and size of the cells are particularly useful 
from an histogenetic standpoint because they provide a way of determining 
accurately the role, in this plant, of tunica and corpus in the initiation of 
foliar and floral organs and in the ditferentiation of tlie primary tissues of 
the axis (cf. also Satina, Blakeslee and Avery, 1940b). In the Avriter^s 
opinion, however, the attempt of these authors to apply Hansteinds (1868) 
terms ‘ Alermatogen,’’ '^periblem,” and ‘‘plerome” in the description and 
interpretation of the structure of the shoot apex in Datura is likely to lead 
to confusion and, from a comparatwe viewpoint, is quite unjustified. As I 
haA^e shoAvn in a recent article (Foster 1939b), HansteiiBs histogen theory 
has no general validity for the seed plants and hence its basic assumptions, 
AA^hile applicable to certain individual eases, do not assist in understanding 
the fundamental nature of organ and tissue differentiation at the shoot 
apex in the sperrnatophytes as a Avhole (cf. especially Schoute 1903, pp. 
90-93, and Sharman 1940). 
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THE PROLIFERATION OF DANDELIONS FROM ROOTS'^ 

E. Naylor 

(with sixteen figures) 

Very few scientific investigations have been made on the propagation of 
dandelions from the roots, although many have observed, that new plants 
appear after the tops have been removed. Munson (1903) says that the gen- 
eral practice of cutting greens^’ causes more plants to appear. As maiu' 
as 6 new crowns were observed on plants which had been decapitated. Mc- 
Call um (1905) ill a series of papers on regeneration in plants merely remarks 
that when roots of T araxacmn are cut into several pieces each piece formed 
new shoots. Longyear (1918) devotes a small portion of a paper on dande- 
lions to propagation by root cuttings, and says that roofs produce new plants 
at any place when cut. Pieces an inch long formed new plants after 18 days. 
He also observed that clusters of many new plants appeared after the tops 
had been removed from old plants growing in a lawn. 

In the present study as many as 20 separate shoots have been isolated 
from the end of a single root cutting 1 cm. in diameter. A small ring of 
greenish callus develops near the center of tlie cut surface, and from this 
tissue the \x)iiiig leaves are differentiated in great profusion. Such remark- 
able capacity for vegetative reproduction from the roots explains the diffi- 
culty of eradicating this common plant. 

METHODS 

Cuttings were obtained from a small group of plants growing in an open 
lawn at the New York Botanical Garden. These plants have been identified 
as T araxacmn laevigatum (Willd.) DC.“ The roots were washed and cut into 
transverse segments varying in length from 4 to 6 cm. After removal of tlie 
latex from the cut ends with cold water, the root pieces were placed upon 
moist filter paper in Petri dishes. Transverse and longitudinal sections were 
removed from the cut surfaces at daily intervals, fixed in medium chromo- 
acetic acid, dehydrated in ethyl alcohol, and embedded in paraffin. Sections 
were cut 8 microns in thickness and stained wdth Heidenhain’s iron-alum 
haematoxylin or with DelafiekPs haematoxylin and safranin. 

A maceration method described by Curtis (1940) was used to aid in the 
identification of the phloem elements. Small pieces of tissue were allowed to 
stand 24 hours in a mixture of one part of hydrochloric acid to four parts 
of 95 per cent ethyl alcohol, then washed in 10 per cent ammonia water. The 
separated cells ^vere stained Avith an alcoholic solution of anilin blue. 

1 This study was made at the New York Botanical Garden during a leave of absence 
granted by the University of Missouri. 

2 Specimens are deposited in the Herbarium of the New York Botanical Garden. 
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For the study of the primary root seedling:s were grown on moist filter 
paper and in sand cultures. Seeds collected at various times during the suni- 
iner and fall germinated within Uvo or three days. 

STRUCTURE OF THE ROOT 

Several investigators have contributed to our knowledge of the internal 
structure of the dandelion root. De Bary (1884) described the fleshy root 
and concluded that it was composed of secondary phloem which consisted 
of pareiiehyma, sieve tubes, and articulated latieiferous vessels. Jeffrey 
(1917) remarked that the phloem was much better developed than the xylem, 
and contained certain dark concentric bands. These circular bands not only 
mark the position of the latex tissue, but that of the sieve tubes as well, 
which cannot be clearly distinguished from the former. Haberlandt (1914) 
described in some defail the articulated latex tubes of plants, and remarked 
that they were charaeteristie of the Cichoriaceae. Curtis (1940) has given 
the most complete description of the phloem tissues in the dandelion root. 
By the use of special macerating methods he was able to demonstrate the 
sieve tubes and latex elements arranged in coneentrie zones in the paren- 
chyma. The findings here presented are in harmony with those of Curtis. 

The primary root and the first leaf are well differentiated in a seedling 
10 days old, as shown in figure 1. 

A slight thickening immediately below the eot.vledoiis is already evident ; 
it is this region which continues to enlarge to form the fleshy root, as is 
demonstrated in figure 2. 

Internally the primary root exhibits the usual arrangement of epidermis, 
cortex, and stele. The primary xylem is diarch (fig. 3). The phloem is 
largely parenchymatous, and the pericycle is often difficult to distinguish. 
The endodermis consists of a single row of cells with walls not much thicker 
than those of surrounding tissues. The cells of the cortical parenchyma are 
large and thin-walled, and some show signs of disintegration and the forma- 
tion of air spaces. Granular materials present in some of the cortex cells 
give a protein reaction with nitric acid. Starch is not present in any portion 
of the root. The epidermis is variable in appearance. It may consist of a 
single layer of thick- walled cells, or it may have collapsed and partially dis- 
appeared so that the outer cells of the cortex form the surface of the root. 

In a seedling four weeks old secondary development has started in the 
xylem and phloem regions, and other changes are evident within the cortex. 
Numerous scalariform vessels develop on either side of the primary xylem, 
and many parenchymatous phloem cells are rapidfy differentiated. The cells 
of the endodermis undergo numerous divisions, new radial walls appearing 
at regular intervals (fig. 4). The pericycle divides both radially and tan- 
gentially and keeps pace with the endodermis in the rapid increase in diam- 
eter of the stelar region. 
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The fleshy root of a plant several months old consists almost entirely of 
secondary tissues. Two major regions can be identified in trans\an‘se sec- 
tions ; the relatively small central cylinder of xyiem, and many concentric 
bands of secondary phloem which somewhat resemble annual rings. Tliese 
concentric bands, which make up the bulk of the root, consist of rather nar- 
row zones of sieve tube and latex cells which alternate regularly with simi- 
larly arranged broader zones of parenciiymatous cells. The latter cells have 
thin walls, and occur in. regular vertical and radial rows correspoiidiiig in 
arrangement to the cambium cells from which they originate (fig. 8). At 
fairly regular intervals the parenchyma interrupts the bands of sie\''e tube 
and latex cells, forming indistinct phloem rays. It was not found possible 
to determine the age of the root by counting the bands of secondary phloem. 

The central cylinder of xylem is composed of secondary tracheids and 
tracheae and xylem parenchyma, as shown in figure 6. There is little evi- 
dence of ring formation in this region. A single cambium layer is found out- 
side the last formed secondary xylem. 

Latieiferous cells are abundant in the dandelion root, confined to the 
phloem region. These cells appear to originate from the cambium; they 
elongate rapidly and coalesce to form continuous tubes. The result is a com- 
plex net-like formation, very closely associated with the sieve tubes and 
embedded among the elongated cells of the parenchymatous phloem, as illus- 
trated in figures 5 and 7. The sieve-tubes are long and narrow, not numerous, 
and have sieve openings only on the end walls. Both the latex and sieve tube 
cells are difficult to demonstrate in sections, but can easily be observed after 
macerating and staining. 

There is no trace of the pericycle, endodermis, cortex, or epidermis in old 
fleshy roots. A phellogen layer is found near the periphery of the root, 
where it originates in the parenchyma cells of the secondary phloem. In 
young roots the phellogen appears first in the outer cortex, later in the 
pericycle. Secondary thickening takes place rapidly in the dandelion root 
and results in the addition of numerous bands of secondary phloem and a 
small amount of secondary xylem. 

THE DEVELOPMENT OF NE\V PLANTS 

The root pieces selected for study were mostly from the middle of the 
fleshy root ; they measured from 8 to 10 mm. in diameter. The callus appears 
on the second or third day in the form of a band lying immediately outside 
the xylem c.ylinder and completely surrounding it, as illustrated in figure 14. 
After five or six days the callus has developed a green color and has organ- 
ized numerous leaf primordia, as shown in figure 15. The callus enlarges 
rapidly, and grows out over the cut surface so that one may sometimes make 
a false assumption about its origin. The young leaves differentiate quickly 
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and their dentate mar gins are easily recognizable on the seventh or eighth 
day; they may reach a length of 2 cm. on the tenth day after the cutting is 

made (fig. 16). 

The first internal evidence of new growth appears on the second day in 
the parenehymatous cells of the last formed two or three bands of secondary 
phloem near the xylem cylinder. The cells responsible for the new parts are 
considerably elongated, as shown in figure 8. Mitotic divisions occur at right 
angles to their long axes. Such activity may be found in the outermost cells 
of the cut surface, as in the cutting shown in figure 9, or may be eonfined to 
cells which are several cell-layers below the wounded surface. Rapid enlarge- 
ment of these newly formed cells of the phloem parenchyma results in the 
external appearance of concentric rings of callus. Continued mitotic activity 
soon renders it impossible to distinguish the original parenchymatous cells ; 
the result is a homog^eneous mass of meristematic cells. The outer bands of 
secondary phloem near the periphery of the root are never active in pro- 
liferation. 

Differentiation proceeds rapidly and by the third day small groups of 
cells eontaining densely staining protoplasm can be identified from one to 
several cells below the surface (fig. 10). These are the leaf primordia, which 
at this early stage of development have a distinct cellular pattern. Each 
consists of a central mass of cells in which divisions occur at various angles, 
and a single outer layer of cells in which anticlinal divisions predominate. 
Rapid cell divisions and elongation in the center of the mass cause the 
entire primordium to assume the shape of an inverted cone, as shown in 
figures 11 and 14. Prom these masses of cells the young leaves are differenti- 
ated in about 3 days. The details of the development of the leaf blade were 
not studied. 

The development of vascular tissue begins at approximately the same 
time that the leaf primordia are initiated. Groups of meristematic cells situ- 
ated deeper within the callus than the leaf primordia produce short vessel 

Explanation of figures 1-13 

Fig. 1. Seedling 10 days old. x 0.4. Fig. 2. Seedling 4 weeks old. x 0.6. Fig. 3. Stelar 
region of very young root, x 190. Fig. 4. Cortex of young root sliowing radial divisions 
in cells of the endodermis, also formation of air spaces, x 190. Fig, 5. Sieve tube cell, 
latex cells (stippled) , and surrounding parenchyma of the secondary phloem, x 200. 
Fig. 6. Cross section of young root after secondary thickening has begun. Epidermis re- 
placed by outer cortex parenchyma, endodermis still evident, and stele making up major 
portion of the root, x 180. Fig. 7. Elongated sieve tube cell, branching latex cells, and 
phloem parenchyma. Preparation made after macerating and staining with anilin blue, 

X 200. Fig. 8.’ Phloem parenchyma cells, showing the regular arrangement, x 180. Fig. 9. 
Cell formation after two days in phloem parenchyma underneath the cut surface, x 200. 
Fig. 10. Formation of leaf primordium on fourth day. x 180. Fig. 11. Leaf primordium 
on fifth day beginning to break through surface layers, x 180. Fig. 12. Leaf primordium 
on seventh day ; vascular system partly established, x 180. Fig. 13. Eoot formation from 
the distal end of the cutting after two weeks, x 180. 
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segments, wliicli at first have no particular orientation toward the vascular 
system of the old root. The vessels are mostly of the scalariform or reticulate 
type ; pitted forms were not found. Differentiation of such xylem elements 
takes place very rapidly, and the order of maturation is both forward toward 
the surface of the callus, and in the opposite direction toward the phloem 
parenchyma. This activity continues until the vascular eonnection is com- 
pleted between the leaf primordium and the secondary xylem. The vascular 
cambium may also form additional xylem cells.- Occasionally vascular tissues 
were found to develop within the callus before the formation of the leaf 
primordia. The degree of differentiation of new parts is not the same at any 
one time in the entire callus, as is illustrated in figures 14 and 15. Leaf for- 
mation ma.y continue for several weeks. 

New roots developed from the distal ends of the cuttings, and generally 


Fig. 14. End view of root, showing development of the ring of callus and leaf 
primordia after five days. (Photograph by courtesy of the New York Botanical Garden.) 
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did not appear until several days or even weeks after the slioots liad formed 
at the proximal end. Their origin is very similar to tliat of the shoots. A 
band of eallus is produeed ontside the xylem pareiiehimia, but its growth is 
not very i^igoroiis; and it remains in a semi-dormant condition wliile shoot 
development takes place at the proximal end of the old root. The new roots 
emerge directly from the callus. A few lateral roots appeared near the 
stumps of old branch roots which had previously been removed. 

Internally the callus at the distal end of the cutting, like that at the 
proximal end, originates from the phloem parenciiyma. The root tips are 
formed from meristematie cells located a short distance below the surface 
(fig. 13). Vascular connections are established in a way similar to that 
described for the shoots. Roots have not been observed to develop with the 
shoots at the proximal end of root cuttings. 

POLARITY 



Leafy shoots were the only new parts found to develop at the proximal 
end of the cuttings used in this study. At the distal end a similar type of 
eallus formation takes place^ but only roots were produced. Attempts to 
change the polarity of the root by inverting pieces and allowing them to 
stand in a vertical position in the moist chamber were unsuccessful. Lateral 
roots appeared oceasionallv from the sides of the old roots. Goebel (1905) 
demonstrated shoot formation from the distal end of root cuttings of dande- 
lion ^¥hen the growth at the shoot pole was arrested by covering with wax 
or plaster. Wiesner (1892, p. 112) was also able to induce shoot formation 


Pig. 15. Side view of root and young shoots after seven days, x 4. Pig. 16. End of 
cutting showing young shoots after ten days, x 2.5. (Photographs by courtesy of the New 
Botanical G-arden.) 
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from both ends of root cuttings when they Avere kept in the dark. I have been 
unable to duplicate his results. Roots were grown both in the light and the 
dark, and the callus cut off repeatedly, but cuttings placed in the dark be- 
haved like those placed in the light except for the failure to develop green 
color. 

AVhen fleshy roots were cut lengthwise along the median line both halves 
developed leafy shoots within 7 day.s. The new parts originated from phloem 
parenchyma and appeared in continuous strips on either side of the xylem 
cylinder. 

Leaves of dandelion plants collected in April and May failed to develop 
any new parts when placed in moist sand in the greenhouse. They turned 
yellow and died within a period of two w’eeks. Stingi (1909) also failed to 
get regeneration from detached leaves. 

r 

SUMMARY 

On root cuttings of dandelion in moist chambers proliferating tissue 
appears in two or three days. 

The mature main root consists hirgely of phloem pareneliyma, in wdiieh 
are embedded coneentric rings of sieve tubes associated with laticiferous 
ducts. 

The new parts originate from the parenehyma of the secondary phloem. 

Shoots are formed at only the proximal end of the cuttings, and roots 
only at the distal end or occasionally along the sides. 

Department of Botany, University of Missouri 
Columbia, Missouri 
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METABOLISM OF ASCORBIC ACID IN COWPEA PLANTS 
Mary Elizabeth Reid 
(with eighteen figures^) 


A study of daily fluctuations in the ascorbic acid content of cowpea 
plants has been under way in this laboratory during- the past four years. 
Announcement of the project was made previously (Reid 1939). Moldtmaiin 
(1939) reported a diurnal variation in the percentage content of ascorbic 
acid in leaves of Fagiis silvatica and Laniium alhum. Increases occurred 
during the day and losses at night. Smith and Gillies (1940) found a maxi- 
mum Amine in potato leaves in. the early forenoon mnd minimum values 
toward the end of the night. Considerable fluctuations also occurred during 
the da.Y. Kohman and Porter (1940) observed similar diurnal alternations 
in the tops of tomato plants. The results in these latter studies Avere pre- 
sented also on a percentage basis. Reid (1940) reported briefly on fluctua- 
tions in the total quantity of ascorbic acid in leaAms, stems and roots of 
young coAA^pea plants. The diurnal changes in ascorbic acid Amines were also 
determined on a percentage basis. 

The first experiment herein described Avas conducted to determine the 
effect of the normal daily light and dark periods of July and early August 
upon the aeeumulation of ascorbic acid and growth of young coAvpea plants. 
The effect of tAventy-four-liour dark-periods immediately preceding the as- 
corbic acid assays was studied in the second experiment. A study Avas also 
made of the ability of cotyledons and of different-sized particles obtained 
from broken cotyledons to synthesize ascorbic acid Avhen subjected to con- 
ditions favorable to germination. 

PROCEDURE 

CoAA^pea seedlings Avere groAvn in Avashed Avhite sand, some AAuth and some 
AAnthout a mineral nutrient solution. Ascorbic acid determinations by the 
indophenol methocF Avere made daily on each of the tAVO types of cultures. 
In the first experiment plants AAmre Avashed free of sand at 4:15 a.m., the 
end of the dark period and others at 7 :00 p.in., the end of the light period. 
The leaves, roots, stems, and cotyledons AAmre Aveighed and analyzed sepa- 

1 Figures 12-18 are published at the expense of the author. 

2 The validity of the results obtained in these tests depends upon the supposition that 
the reducing action of the plant tissue extracts is to be attributed entirely to ascorbic acid. 
The titrations were made rapidly and the readings were taken when the end-point color 
was maintained for approximately 20 seconds. Considering the speed of the reaction and the 
relatively low pH of the extracts, there is no obAuous reason for assuming that other 
substances were involved in the reaction. 
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ratelv. In most of tlie tests ten plants were assayed. In the second experi- 
ment plants were prepared for the tests each day at 1 .*00 pnii., at which 
time one culture with and one without added nutrients were analyzed. 
Similar cultures were placed in a dark chamber and assayed for aseoi*bic 
acid twenty-four hours later. This procedure was repeated each day through- 
out the experimental period. 

OBSERVATIONS 

The ascorbic acid content and the green weight of young plants which 
received mineral nutrients are shown in figure 1 and those of plants 
grown without added nutrients in figure 2. In both series the ascorbic 
acid increased in the plants during the dark periods as long as the stored 
food reserves in the cotyledons lasted, which was until the fifth day. After 
this time no gains were found during the dark period. On the contrary, 
there were losses after tlie fifth day in plants which received mineral nutri- 
ents and after the sixth day in those grown without added nutrients. Losses 
of as niucli as 17 per cent of the total ascorbic acid were found in tlie plants 
receiving mineral nutrients and of 8 per cent in those without added nutri- 
ents. Since there is greater steepness of the curve representing the ascorbic 
acid content of the fertilized plants and also since more disappeared at 
night, these plants must have synthesized considerably more of the vitamin 
than the unfertilized plants. The green weights of the former were also 
greater. In both groups the green weights tended to increase at about the 
same rate in the dark periods as in the light. The above results with entire 
plants were attained by separate analyses of leaves, stems, and roots. The 
data for the individual organs were as follows : 

The leaves of plants receiving mineral nutrients gained in ascorbie acid 
during the third and fourth nights but from the fifth night until the termi- 
nation of the experiment, losses, increasing with, each succeeding night, 
were found. The rate of growth of the leaves in the light and dark periods 
tended to be equal (fig. 3). The results with plants grown without added 
nutrients were similar, although values for both growth and ascorbic acid 
were lower. Losses in ascorbic acid were also found during the fifth night 

Explanation of figures 1-6 

The green weight and ascorbic acid values at successive stages of development shown 
in figures 1-9 were determined at the end of each daily light and dark period. The broken 
portions of the lines represent the light periods and the solid segments the dark periods. 
Except where the contrary is specially designated, the graphs shown represent the average 
values in a plant grown with added nutrients. 

Fig. 1. Green weight and total ascorbic acid values of entire plant. Fig. 2. Green 
weight and total ascorbic acid values of entire plant grown without added nutrients. 
Fig. 3. Green weight and ascorbic acid values of primary leaves. Fig. 4. Green weight 
and ascorbie acid values of roots. Fig. 5. Green weight and ascorbie acid values of stem. 
Fig. 6. Total ascorbie acid values expressed on a uniform scale for all organs of a plant. 
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and on each iiiglit thereafter. The lag* in rate of ascorbic acid accunuilation 
and in increase in green M^ight between the ninth and tenth days occurred 
when the seedling leaves were fully developed. 

Figure 4 shows the green weight and ascorbic acid values of the roots 
of the plants 'which received mineral nutrients. A fairly close relation is to 
be observed between the green weight and ascorbic acid content of the roots 
at successive stages of development up to the ninth day. A divergence 
between the values as the roots became older was also found in the plants 
grown without added nutrients. The green weights and ascorbic acid tended 
not to increase appreciably during the dark periods. In the plants grown 
without added nutrients and which consequently (Kraus and Kraybill 1918) 
had accumulated a much larger supply of mobilizable carbohydrates, there 
was a tendency for increases in both weight and ascorbic acid during the 
dark periods. Previous studies have shown a similar relation between avail- 
able carbohydrate supply and growth of roots of tomato cuttings kept in 
darkness (Reid 1926). Decreases in ascorbic acid in roots did not occur 
with regularity during the dark period in any of the tests. It is possible, 
however, that translocation of the vitamin to the roots occurs in darkness 
or that some synthesis occurs within the root with the result that losses and 
gains are approximately balanced. 

The ascorbic acid and green weight values of stems of plants which 
received mineral nutrients are shown in figure 5. No gains in ascorbic acid 
during the dark period ^vere noted after the food reserves in the cotyledons 
were exhausted. Increases in green weight tended to be continuous and of 
about the same magnitude in the light and dark periods after the fourth 
day. The irregularity in the curve on the seventh day may be caused by 
slight variations in intensity of illumination of different cultures at the 
time of active growth of the hypocotyls. The light- and dark-period ascorbic 
acid values of all organs of the plant receiving added nutrients are shown 
on a uniform scale in figure 6. The leaves contained about 65 per cent of 
the total quantity of the vitamin and the roots about 30 per cent in the 
eight- to ten-day stage of development. As the plants became older the 
proportion in the leaves became relativel.y greater and that in the roots 
correspondingly less. 

The great difference resulting from expression of the metabolism of 
ascorbic acid as total amount or as milligrams per gram may be noted by 
comparing figures 1, 7, and 8. Figure 7 show^s the ascorbic acid values of 
the entire plant and of the top only expressed as milligrams per gram and 
figure 8 the total ascorbic acid and green W' eight of the top excluding the 
cotyledons. The much smaller size of the diurnal fluctuations in the entire 
plant, as compared to those in the tops only, result from the fact that the 
roots, which constitute a relatively large proportion of the green weight of 
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the entire plant, did not show fluctuations with regularity. Figure 9 shows 
the ascorbic acid content of the primary leaves on a percentage basis. The 
slope of the curve is strikingly different from that representing the progres- 
sive changes in total content (fig. 3). There was a marked gain in concen- 
tration and in total quantity of the vitamin on the third day when the 
eldoroplast-containing inesoplyyll tissue was developing rapidly. Itapid 
growth on the fourth night resulted in a marked decrease in ascorbic acid 
on a percentage basis. The total values show that aetually a considerable 
gain occurred during this time. During the light period on the fourth day 
only a very slight gain on a percentage basis was found whereas the total 
quantity in the leaves increased markedly. On the fifth, night a veiy large 
loss of the vitamin on a percentage basis, undoubtedly caused chiefly by a 
rapid increase in the water content, and a very slight loss on a total basis 
occurred. During the light period on the fifth day and on each succeeding 
day there was a considerable increase on a percentage basis. Greater losses 
at night than gains during the day in vitamin concentration cause the 
downward trend of the percentage ciuu'e and smaller losses at night than 
gains during the day are responsible for the upward trend of the curve 
representing the absolute amounts of ascorbic acid. In plants having many 
full-grown leaves the influence of growth of a few young leaves during the 
night on the vitamin C percentage value of the entire mass of leaves would 
be comparatively slight. There would, however, tend to be an appreciable 
error as a consequence of the gain in water content which is known to take 
place at night even in fully groAvn leaves under the general atmospheric 
conditions of summer. For example, Lloyd (1913) found from 7 to 15 per 
cent higher water content at sunrise than in the afternoon in the leaves of 
cotton plants at Auburn, Alabama, and Tucson, Arizona; Miller (1917) re- 
ported a 5.4 per cent higher average water content in corn and 5.9 per 
cent higher value in kafir between 1:00 and 5:00 a.m. than between 1:00 
and 3 :00 p.m. 

In view of these considerations it seems obvious that only by measure- 
ments of the absolute amounts of ascorbic acid either in the entire plant or 
ill individual organs can the magnitude of diurnal changes in its content 
be shown with a fair degree of accuracy. When plants are considered in 
terms of their nutritive value with respect to vitamin C, expression of their 
ascorbic acid value on a percentage basis is both valid and practical but 
in terms of the performance of the plant itself it is not of any considerable 
value except when accompanied by an evaluation of the vitamin in terms 
of absolute amounts. 

Figures 10 and 11 show the results obtained in the second experiment 
in which plants kept in darkness for twenty-four hours previous to testing 
are contrasted to those subjected to the normal day and night periods. 
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The broken line shows the ascorbic acid content of plants subjected to tlie 
normal daily periods of daylight and darkness. The points at the free ends 
of the solid lines show the ascorbic acid content of tlie plants kept in dark- 
ness for twenty-four hours. The points are connected by the solid lines 
with the points representing the approximate content of the plants at tlie 
time they were placed in the dark chamber. Hence a slope upward of these 
lines represents a gain in ascorbic acid during the dark period and a slope 
downward represents a loss. It may be noted (tig. 10) that as in the previous 
experiment an increase in the total quantity per plant occiirred each day 
until the stored reserves in the cotyledons were exhausted. After this time 
there were losses during the dark period. The plants grown without added 
nutrients yielded similar results, although growth was less rapid and losses 
of ascorbic acid during the dark period were smaller^ (fig. 11). A lowering 
of the vitamin C content by as much as 28 per cent in the plants which re- 
ceived nutrients and of 20 per cent in those not so supplied was found. 
These latter plants contained considerable starch at the end of the dark 
period. Hence, if plants form ascorbic acid from stored carbohydratespit 
ai9peared that those employed in these tests lacked the capacity, at least to a 
measurable extent, to utilize their stored carbohydrates in the synthesis of 
the vitamin during periods of darkness. 

The green weights of leaves, stems, and roots all increased during the 
dark period (figs. 12, 14, 16) and the gains were coincident with, losses in the 
total quantity of ascorbic acid in the plant. Analyses of the vitamin C content 
of the individual organs revealed that the greater portion of the total loss 
during the twenty-four-hour dark period occurred in the leaves (fig. 13). 
However, in proportion to the total quantity present, the losses in the stems 
were of equal magnitude (fig. 15). The roots tended to show neither definite 
gains nor losses of ascorbic acid after the plants became independent 
(fig*. 17). 

Attempts were made to determine if all or part of the loss of ascorbic 
acid during periods of darkness may result from conversion of the vitamin to 

Explanation of figures 7-11 

Pig. 7. Milligrams per gram fresh weight of ascorbic acid in entire plant and of top 
only. Fig. 8. Total ascorbic acid and green weight of top. Fig. 9. Milligrams per gram 
fresh weight of ascorbic acid in leaves. 

In figures 10-17 the broken lines connect points representing ascorbic acid or green 
weight values of plants grown under normal daily alternations of light and darkness ; the 
points at the free ends of the solid lines represent the values obtained with plants kept 
in darkness twenty -four hours previous to testing. Each point is connected by the solid 
lines with the point representing the approximate value of the culture at the time it was 
placed in the dark chamber. Except where the contrary is specially indicated, the graphs 
represent tlie average values in a plant grown wfith added nutrients. 

Fig. 10. Ascorbic acid values in entire plant. Fig. 11. Ascorbic acid values in entire 
plant grown without added nutrients. 
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tlie dehydro fonii (Bessey 1938). Since the results were not eonelusive the 
problem will be given further study. Moldtmann (1939) found no aceuinu- 
lation of dehydroaseorbic acid following periods of darkness in the plants 
whieh he studied. 

Tests have also been made to determine the course of ascorbic acid accu- 
mulation in cowpea seeds during the first twenty-four-hour period of ger- 
mination. Seeds were supplied with moisture and kept at a temperature of 
29° C. Ascorbic acid assays were made at two-hour intervals. Figure 18 shows 
the results. An indophenol-reducing action of the extracts was observed after 
a period of four hours and a considerable increase in the magnitude of the 
reaction was observed by the tenth hour. It is of interest to note that this 
followed the attainment of maximum absorption of water by imbibition. 
The increase in green^ weight after the fourteenth hour is doubtlessly a con- 
seipience of growth. At the end of the twenty-four-hour period the sprouts 
were about 1 centimeter long. 

It was observed in other experiments that detached cotyledons placed on 
moist filter paper in Petri dishes and incubated for 20 hours at 29° C. pro- 
duced almost as much ascorbic acid as intact seeds incubated similarly. The 
cot^dedons of old seeds whieh had lost viabilit,y produced no ascorbic acid 
when placed under conditions favorable to germination. When a fine powder 
produced by grinding a weighed quantity of the cotyledons was incubated 
there was no rapid iiidophenol-reducing activity such as is charaeteristic of 
ascorbic acid. There was, however, a very slight but slow reaction with a fad- 
ing end-point. These latter results were not in agreement with observations 
reported by Pereverzev (1937) who found that crushed cotyledons of 
legumes retained the ability to form vitamin C. Further tests with cowpea 
cotjdedons were conducted to determine the reason for the discrepancy be- 
tween the present and Pereverzev ’s results. Cotyledons cut with a scalpel so 
as to form a mixture of fine and coarse particles, when incubated under con- 
ditions favorable to germination, were found to have an ascorbic acid content 
almost equal to that of entire cotyledons. These results suggested that the size 
of particles into whieh the cotyledons were broken might be an important 
factor in causing the differences in the aboA^e mentioned tests. 

A series of tests was conducted with cotyledons crushed and sorted into 
different sized particles. In each of the tests three grams of the material Avere 
placed on a double layer of filter paper in a Petri dish, and 5 cubic centi- 
meters of distilled water added. The cover of the dish Avas raised slightly by 

Explanation of figures 12-18 

Fig. 12. Green weight of leaves. Fig. 13. Ascorbic acid content of leaves. Fig. 14. 
Green weight of stems. Fig. 15. Ascorbic acid content of stems. Fig. 16. Green weight 
of roots. Fig. 17. Ascorbic acid content of roots. Fig. 18. Green weight and ascorbic 
acid content of seeds placed in germinators kept at 29° C. and tested at two -hour intervals 
during the first twenty -four hours. 
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a wedge of folded paper to provide for aeration. After incubating the culture 
at 29° C. for 15 hours, ascorbic acid assays were made. From the data pre- 
sented in table 1 it appears that size of the cotyledon particles is a factor 
iuflueiieiug the capacity for ascorbic acid synthesis. 

TABLE 1 

Effect of comminution of cotyledons into different sked particles upon their ability to 
syntJieswe ascorbic acid when exposed to co'nditions suitable for germination 


Screen Size of opening Total ascorbic acid Ascorbic acid 


mm. mg. mg./lOO g. 

Entire cot}dedons 0.269 8.94 

I normal size 0.246 8.20 

2.00 0.267 6.85 

20 0.84 0.196 5.10 

40 r 0.42 0.048 1.60 

60 0.25 0.016 0.54 

80 0.177 0.008 0.27 

Over 80 Possibly a trace 


Tlie data for eacli screen represent the values obtained with particles retained by 
that mesh but wliich passed through the openings of the i^receding screens. 

The results of these different experiments with cotyledons show (1) that 
the vitamin can be generated from a precursor stored within the eot.yledons 
and that an influence from the plumule or radicle is unnecessary, and they 
suggest, furthermore, that vital processes are probably involved since the 
synthesizing capacity is lost when the tissues are finely pulverized, and also 
when viability is lost by aging. 


DISCUSSION 

After the plants used in these tests had exhausted the reserves in the 
cotyledons they lacked the capacity during the night to synthesize as much 
ascorbic acid as was being used, with a resultant loss. In fact, tliey may not 
have synthesized, aiyv, or the decrease may have represented the excess of loss 
over gain. The results show conclusively that ascorbic acid is metabolized in 
darkness. Similar metabolic processes probably occur also in light but the}' 
eannot be detected readily because of rapid synthesis in light. The fraction 
assayed constitutes supposedly the uiiusued portion only. Hence aeeumula- 
tio.n is measurable by present techniques but not the full magnitude of syn- 
thesis. The fate of the disappearing portion is not known witli certainty. 
It may be destroyed in respiration or it may be used in. some special type of 
synthesis. Experiments with plants kept at different temperatures have 
shown that it is lost during dark periods only when the temperature is high 
enough to permit growth, and that the more rapid the growth the greater 
the loss.^ 

^ These results will be described in another publication dealing with the effects of 
temperature on ascorbic acid accuinulatioii in cowpea plants. 
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Tlie failure of the plants employed in these experiineiits to increase their 
ascorbic acid in darkness following exhaustion of the reserves stored in the 
cotyledons suggests that the capacity to convert carbohydrates to ascorbic 
acid in darkness is very weak or may be entirely lacking. The ability to accu- 
mulate the vitamin in darkness during the period of utilization of the 
reserves in the cotyledons may be explained (1) by the storage during de- 
velopment of the seed of a closely related precursor which may be mobilized 
and reconstituted during germination or (2) by a somewhat different type 
of enzymatic action in the young seedling which ma,y permit the conversion 
of stored carbohydrates such as starch to ascorbic acid. This capacity may be 
lacking or at least is relatively weak in the activeh^ growing plant after it 
becomes independent of the cotyledonary reserves. 

There is insufficient evidence to furnish a conclusive answer as to which, 
if either, of these hypotheses is correct, but there are, hbwever, certain argu- 
ments in favor of a synthesis of a closely allied precursor. The relatively 
prompt reappearance of the vitamin when moisture is supplied also suggests 
a conversion from a closely related form. Previous study has shown that 
ascorbic acid accumulates in growing cowpea seeds approximately as long as 
the green weight continues to increase (Eeid 1937). More recent investiga- 
tions (unpublished data) have shown a similar relation in developing soy- 
beans. Parsons (1920) pointed out that the vitamin might possibly pass into 
an inactive state on aging or drying and that it might be reconstituted in 
such iDhysiological processes as the sprouting of seeds. Little attention has 
been given to this suggestion, however, since up to the present time there has 
been no obvious reason for questioning the ability of the plant to convert 
some of the mobilizable carbohydrates into ascorbic acid. Moreover, there has 
been considerable experimental evidence to support the viewpoint of a fairly 
direct conversion. Plants kept in darkness have been shown to increase their 
indophenol-redueing activity when supplied with sugar solutions of several 
types (Raj" 1933, Reid 1938, Moldtmann 1939, Rubin et al. 1939, and others). 
There is no assurance in the reported tests, however, that the cultures were 
kept in a sterile condition. It is possible that micro-organisms may have pro- 
duced indophenol-redueing substances other than ascorbic acid. Antiscor- 
butic tests of the product responsible for the increasing reducing activity in 
plants under the conditions described have not been reported. It is evident 
that further study is required before conclusions may be drawn on the 
ability of plants to convert carbohydrates into ascorbic acid. It is possible 
that they may be of use in such a synthesis but that the process is not so 
direct as has been postulated. 


SUMMARY 

Ability to increase the total ascorbic acid, as determined by reduction of 
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indophenol, diiring periods of darkness continues as long as the stored 
resei'ves in the cotyledons remain available. 

After this time the plant lacks the capacity to use carbohydrates in the 
synthesis of the vitamin, or, if the conversion occurs, the rate is so slow that 
the metabolic loss masks the synthesis. 

The loss is accompanied by growth. This suggests that the ascorbic acid 
may be destroyed in respiration or may be used in some special type of 
synthesis. 

The possibility is discussed that the net loss or gain may not represent 
the magnitude of ascorbic acid synthesis or loss. 

Evidence is presented which shows that the net magnitude of the diurnal 
fluctuations in ascorbic acid can be shown only by measurements of absolute 
amounts in individual organs or in the entire plant. 

It is suggested that the synthesis of ascorbic acid during the dependent 
phase of growth is effected by the reconstitution of a closely related pre- 
cursor stored in the seed during its development. 

An influence of the plumule or radicle is unnecessary to effect synthesis 
of ascorbic acid in the cotyledons. The ability of crushed cotyledons to syn- 
thesize the vitamin appears to be dependent upon size of the particles. 

National Institute of Health, U. S. Public Health Service 

AND 

Division of Forage Crops and Diseases, 

U. S. Department op Agriculture 
Arlington Experiment Farm 
Rosslyn, Virginia 
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CALCIUM AND PHOSPHORUS AS THEY INFLUENCE 
MANGANESE IN FORAGE CROPS^ 

Wm. a. Albrecht and N. C. Smith^ 

(with five figures) 

Plant physiology lias regularly recognized the sigiiifieaiice of the degree 
of acidity of the soil, but has not yet clearly interpreted its significance in 
plant nutrition. Emphasis on lime additions to the soil for its modification 
of the degree of soil acidity has overshadowed attention to calcium as a 
nutrient, and/or as it serves in bringing other nutrients into the plant. 
Because the degree of hydrogen-ion saturation of the colloidal fraction of 
the soil is mainly th^ reciprocal of the loss therefrom of calcium ions, we 
have been inclined, in cases of crop failure, to attribute causal significance 
to the wrong one of these reciprocal factors. Studies of the significance of 
calcium in nitrogen fixation and plant nutrition were undertaken to deter- 
mine more aceurately the role of calcium in crop growth. The separation 
of its role in changing soil reaction from that in serving as plant nutrient, 
and in mobilizing other nutrients into the crop, served as a challenge. Its 
relation in this last respect to manganese in particular, one of the micro- 
nutrient elements, was chosen for studjL 

The importance of manganese in the nutrition of plants (5, 12, 13, 16) 
and of animals (9, 15, 18) has been established well enough to warrant 
attention to it in soil fertility. Its disturbed delivery to plants by soils 
near the neutral or alkaline reactions has been recognized (8, 11, 17). Such 
irregularities put the common practice of liming a soil for the sake of 
neutrality into the danger zone of general manganese shortage for plants 
in our extensive agricultural soils. Since calcium as a nutrient item, par- 
ticularly for nitrogen fixation by legumes, has been seiiarated from its 
effects in modifying soil acidity (1, 2, 3), the following study attempted 
to determine manganese movement into the crop when calcium modified 
the soil reaction as contrasted to that when calcium served as a nutrient 
without changing the reaction of the entire soil body in root contact. Phos- 
phates were tested similarly as to their influence on the manganese. 

PLAN OF STUDY 

The soil used was the surface layer of a well weathered prairie soil of 

1 Contribution from the Department of Soils, Missouri Agrieultural Experiment Sta- 
tion, Columbia, Mo., Journal Series No. 686. 

Acknowledgment is gladly made to Dr. Victor Ells for the speetrographic analysis ; 
and to help by the National Youth Administration in growing the plants, 

2 Professor and Instructor in Soils, respectively, College of Agriculture, University 
of Missouri. 
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tlie Kansan glaciation, one of the planosolsc' known as the Piitnam silt loaiii. 
It is of acid reaction, pH 5.5, relatively low in organic matter and plios- 
plioriis, and developed to the point of having a marked clay concentration 
in the upper subsoil. Its exchange capacity is approxiinately 20 M.E. per 
100 gms. of soil. This is usually saturated to about 50 per cent with hydro- 
gen. The more common legumes will produce only poor yields on this soil. 

Amounts of treatments applied. Pot cultures were grown in quintii- 
plicates of tivo legumes, sweet clover {Melilotns alba) and lespedeza {Les- 
pedeza stipulacea) , and of two non-legumes, bluegrass (Pea prate nsis) and 
redtop (Agrostis alba). The soil treatments consisted of separate additions 
of calcium carbonate, of calcium phosphate and of sodium phosphate, and 
of joint additions of the calcium carbonate and calcium phosphate. The 
amounts of calcium carbonate applied to the soil we:ije such as (a) would 
exchange slightly more than one-half of the replaceable hydrogen in one- 
fourth of the soil; and (b) would more than replace the total exchangeable 
hydrogen in this smaller soil portion. The phosphates were used in amounts 
that represented (a) liberal applications in practice, and (b) twice this 
amount. 

Placement of treatments. The applications of calcium earbonate were 
made by distributing it (a) throughout all the soil in. the pot, and (b) into 
the surface one-fourth of the soil. The calcium phosphate was applied simi- 
larly. The sodium phosphate was put into only the surface or one-fourth. 
The joint applications of calcium earbonate and calcium phosi:)hate w^ere 
used in the four possible combinations as amounts, and were placed into 
the surface or one-fourth of the soil only. 

These placements of the calcium carbonate provided, in the first place, 
two different, but low, degrees of calcium saturation or of partial neutraliza- 
tion of the entire soil volume available to the plant. In the second place, 
they provided soils in which the surface areas alone had two different 
degrees of calcium saturation, nainel.y one with more than 75 per cent and 
one in excess of complete calcium saturation, while three-fourths of the soil 
volume remained untreated. For simplicity’s sake, these distributions of 
the additions to the soil may be spoken of by numbers as follows ; 

Treatment No. 1 — Small amount throughout the entire soil volume. 
Treatment No. 2 — ^Large amount throughout the entire soil volume. 
Treatment No. 3 — Small amount through one-fourth or surface of the soil. 
Treatment No. 4 — ^Large amount through one-fourth or surface of the soil. 

The phosphate additions represented different and higher degrees of 
saturation by the phosphate in the surface portion of the soil, and two 
different, but much lower, degrees of saturation when applied throughout 
the entire soil body. The combinations of calcium carbonate and calcium 


3 According to Soils and M.en, U.S.B.A. Yearbook of Agriculture, 1938. 
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phosphate were used in the surface portion only, and represented the higher 
degrees of surface soil saturation by eacli of them. No manganese was 

applied. 

Analytical methods. The crops were harvested at intervals of significant 
top growth so as to siimilate grazing. Weight records of the harvests were 
taken. The crops were submitted to analysis by the standard gravimetric 
methods for the calciuin and phosphorus and to the Lundegardh spectro- 
graphic method for manganese, and account was taken of the concentrations 
and totals in the crops. 

RESULTS 

Results from calcium, carhonate. The most noticeable result was the 
influence of the increasing amounts of calcium carbonate throughout the 
entire mass of soil ("Treatments Nos. 1 and 2), as they reduced the per- 
centage and the total amount of manganese in the crop ; and the influence 
of the increasing degree of saturation of the surface soil layer by calcium 
(Treatments Nos. 3 and 4), as it had the very reverse effect. The percentages 
of the manganese in the crop are shown in figure 1, and tlie totals of it 
ill figure 2. There is such a pronounced similarity between these two figures 
as to testify that the manganese responds as a decided nutritional disturb- 
ance in the plant metabolism rather than as a variation in manganese 
amounts simply according to variable plant mass. When the manganese 
behaviors, as given in figures 1 and 2, are related to tlie total calcium taken 
by the crop, as given in figure 3, then this fact becomes more evident. In 
Treatments Nos. 1 and 2 by limestone, which were lessening the soil acidity 
to greater degrees and were giving large calcium intake by the crop, there 
were decided decreases in the manganese concentrations of and intake by 
the crop. Yet in Treatments Nos. 3 and 4, which saturated the upper portion 
of the soil more completely so as to change the soil reaction mueii more in 
that limited soil volume and to deliver still greater amounts of ealcium into 
the crop, there was the reverse relation between the manganese and the 
ealcium, and gave increasing concentrations and total amounts of manganese 
taken by the crop. 

This suggests clearly that an increase in the amounts of caleium car- 
bonate throughout the soil, so as to shift its reaction toward neiitrality, served 
to decrease the movement of manganese into the crop. Increasing the delivery 
of calcium to the plant by means of the higher saturation in the limited 
surface soil zone brought increasing delivery of manganese presumably from 
the remaining three-fourths of the soil given no calcium carbonate. As an 
agent that removed soil acidity, the calcium carbonate lessened the amount 
of manganese going from the soil to the crop. As a fertilizer that supplied 
caleium to the crop, it enabled the plants to take greater amounts of man- 
ganese from the soil below the zone of caleium fertilization. 
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NONE 1234 NONE 1234 

Calcium Carbonate —Treatment No, Calcium Carbonate —Treatment No. 


1 2 

Fig. 1. Percentages of manganese in the different crops as inflneneed by two dif- 
ferent amounts of calcium carbonate aj)plied tlirougliout the soil (Treatments Nos. 1 and 
2), and into the surface soil only (Treatments Nos. 3 and 4). Fig. 2. Total manganese in 
the different crops as influenced by two different amounts of calcium carbonate applied 
throughout the soil (Treatments Nos. 1 and 2), and into the surface soil only (Treat- 
ments Nos. 3 and 4). 

Possibly an increased or modified microbiological action as a competitor 
with the plant for the manganese (7, 10), may be the explanation for the 
reduction in manganese within the crop when calcium carbonate was dis- 
tributed througliont the soil. This is suggested by the fact that the smaller 
application (Treatment No. 1), was relatively more disturbing than the 
larger one (Treatment No. 2), as is shown by the graph as the mean for 
all four crops either as percentage or as total manganese in figures 1 and 
2. These studies did not aim to separate the microbial from the simple 
chemical effects. 

Such facts bring to attention the need to consider whether our use of 
calcium carbonate, or limestone, for the purpose of correcting soil acidity 
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is the most effective sen^ice bv this soil treatment that is iioiv uiidergoiiig' 
Acider adoption as a reg*ular farm practice. They sii<?gest that calciuin iinist 
be put into the fertilizer category, and that excessive applications prompted 
by loAv cost or unbridled enthusiasm may bring disappointments. 

Besults from, phosphates. The influence of the single phosphate soil treat- 
ments on the manganese intake into the crop was wholly positive, in tliat 
as more phosphate ivas given, either throughout the entire soil mass or into 
the surface soil only, there ivas increasing manganese in the liarvest. These 
data are brought together in figure 4, which gives the totals for manganese 
and for phosphorus taken by the plants per pot. 

Increasing the sodium phosphate in the upper soil portion increased 
the manganese taken. Putting the calcium phosphate into the top soil (Treat- 
ments Nos, 3 and 4), was more effective in bringing both manganese and 
phosphorus into the harvest. This is shoAvn by the highest points on the 
graphs at the right side w^here the double dosage of calcium phosphate in 
the surface soil is indicated. The positive relation betiveen the total man- 
ganese and the total phosphorus in the crop is shoAvn more clearly by the 
close parallelism between the graphs representing the respective means for 
all crops. It points to an increase of manganese that was parallel Avitli 
increased crop yield. 

Besults from calcium carbonate comhined with calcium phosphate. ’When 
the joint applications of calcium carbonate and caleiuni phosphate are ob- 
served for their influence on the manganese harvested in the crop, this is 
slightly greater per unit of phosphorus taken by the crop than Avas the 
ease AAdiere phosphates Avere applied singly. This is shoAvn in figure 5, more 
particularly in the graph for the mean of all crops combined. The offering 
of more of each of these soil treatments so as to grow heavier crops in- 
creased the manganese taken from the soil. This suggests that the use of 
the manganese Avas correlated Avith the better or increasing groAvth through 
calcium and phosphate treatments. 

Seemingly, then, the manganese Avas not a limiting factor in this Putnam 
silt loam. Its consumption by the plant from this soil Avas hindered, in 
some measure, by the phosphorus shortage, but more by the calcium short- 
age. It Avas AApen both calcium and phosphorus Avere applied that the largest 

Explanation of figures 3-5 

Fig. 3. Total calcium in the different crops as influenced by two different amounts 
of calcium carbonate applied throughout the soil (Treatments Nos. 1 and 2), and into 
the surface soil only (Treatments Nos. 3 and 4). Fig. 4. Total manganese and phosphorus 
in the different crops as influenced by different amounts of phosphates applied through- 
out the soil (Treatments Nos. 1 and 2), and into the surface soil only (Treatments Nos. 

3 and 4). Fig. 5. Total manganese and phosphorus in the different crops as influenced by 
two different amounts of calcium carbonate and calcium phosphate used in their possible 
combinations in the surface soil. (Lighter lines =:P. HeaAuer lines = Ca.) 
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crops were grown, and that the larger amounts of manganese were taken 
from the soil. 

Manganese contents of the different crops. The contents in manganese 
of the different crops are worthy of note. They are in agreement with 
analyses by otheus, particularly the high value for recltop (6, 14), and 
suggest that manganese is another help in fitting crops into the general 
ecological array of plants according to composition (4). The variations in 
concentrations and totals in the different crops are assembled in table 1. 

TABLE 1 

Ccmcentrations and totals of manganese in the different crops. 

{Manges for dif event soil treatments) 

I Concentrations, per cent I Totals, mgms. 


Soil treatments 


Crops 

Calciiini 

carbonate 

Pliospliates 

Calcium 

carbonate 

plus 

phosphate 

Calcium 

carbonate 

Phosphates 

Calcium 

carbonate 

plus 

pliospliate 

Bedtop 

.023-.064 

0.10 -0.14 

.053-.071 

1.9-7.0 

0.8-1.3 

4.9-7.0 

Bluegrass 

.()()8-.01 

0.020-0.024 

.013-.018 

0.6-1.0 

1.8-2.S 

1.3-1.9 

Lespedeza 

.008~.017 

0.014-0.018 

.011-.016 

0.9-2.5 

1.9-2.6 

1. 7-2.4 

Sweet cdover ... 

.012-.022 

0.020-0.026 

.014-.019 

1.0-2.3 

1. 7-3.2 

2.3-3.0 

Eaiige of vari- 




i 



ation in con- 







centration ... 

0.56 

.016 

.042 

■ 




111 terms of concentrations of manganese within the crop, redtop is iiiucli 
the highest, reaching 0.14 per cent on soil given caiciiim phosphate only, 
and .071 per cent where this treatment was combined with calcium carbon- 
ate. It is followed in order by sweet clover with .026 per cent as maximum. 
Then comes bluegrass with .024 per cent as its highest and lespedeza with 
.018 per cent as its uppermost concentration of manganese in these trials. 
When the ealcinm carbonate Avas put into the surface soil to give more 
calcium to the crop, then the concentration of manganese Avas higher in 
the lespedeza than in the bluegrass. 

When attention is directed toAA^ard the total manganeses in the crop, 
then the redtop is the highest, proAuded it aa’es given ealciiini phosphate 
either singly or combined with calcium carbonate. Here in the ease of a 
crop commonly considered suitable for lime-defieient soils and commonly 
not given soil treatment, calcium and phosphorus play an influential role 
in helping it to get manganese from the soil. Sweet clover folloAvs in order 
as it did for manganese concentrations, particularly for the soil treatments 
of calcium carbonate and calcium phosphate used jointly. Bluegrass took 
the largest amounts for this crop when it was given phosphate, AAdiile lespe- 
deza behaved similarly. 
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SUMMARY 

The coiieeiitrations of manganese within the crop and the totals taken 
by it from the soil point to a dual role by calcium carbonate in relation to 
this micro-nutrient in plant nutrition. When calcium carbonate, or lime- 
stone, was mixed throughout the soil so as to modify its reaction, then the 
concentration and total of manganese in the crops were decreased as the appli- 
cation to the soil and the consumption of calcium by the crop increased. 
When, however, the application Avas put into the surface soil to increase 
crop consumption of the calcium even more, then the reverse effect on man- 
ganese was manifested, so that the concentration and the total of manganese 
Avere increased. 

When phosphate Avas applied to proAude increasing concentrations, 
AAdiether in the entire or in the limited soil Aailuim^, then the additional 
phosphorus for the crop gave increasing manganese harvest, roughlA’ parallel 
AAdth increased crop groActh. 

Combinations of lime and phosphate in the limited soil areas aided the 
crop ill taking more manganese. 

These studies emphasize the need to consider the beneffeial nutritional 
role of calcium Avithin the plant, on soils such as the type used, in making 
manganese available for the plant as reflected in the increased concentra- 
tions. Then there is need to consider the possible detrimental role of calcium 
carbonate as it modifies the reaction of the soil or other soil conditions and 
reduces the manganese taken by the crop possibly to the danger point of 
manganese deficiency. 
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CYLINDROCHYTRIDIUM JOHNSTONII GEN. NOV. ET SP. 
NOV., AND NOWAKOWSKIELLA PROFUSUM SP. NOV. 

John S. Karling 
(with sixteen figures) 

During the Christmas holidays, 1940, while duck hunting on the Mount 
Prospect estate of J. Ambler Johnston which adjoins the Paniunky River 
in New Kent County, Virginia, I collected samples of water containing vege- 
table debris from a number of swamps and streams to determine the presence 
and relative abundance of ehytridiaceous fungi during the winter niontlis. 
These samples were brought to New York and place^i in deep glass dishes 
on a table before an east window in the laboratories at Columbia University 
and baited with cooked, bleached leaf fragments, root tips, etc., of various 
grasses in the manner previously described by the author (1934, 1935, 1937). 
Within a fortnight a large number of fungi and chytrids appeared. The 
infected grass tissues were then washed thoroughh' with distilled water 
under pressure and transferred to sterile Petri dishes containing charcoal 
water and bits of cellophane. The latter has proven to be an excellent 
medium for the growth of these chytrids, as Haskins (1939) has so well 
shown for other species. 

Among the numerous fungi which were trapped in this manner appeared 
a few thalli of a monocentrie chytrid with a cylindrical, stalked or septate 
sporangium subtended by an extensive catenuiate rhizoidal system. Because 
of the characteristic shape of its sporangium, this chytrid was first believed 
to be a species of Clavochytrildm^^ Cox (1939) or Blast ocladiella Matthews 
(1937), but subsequent observations showed that it differs from these genera 
by one outstanding and several minor characters. The sporangia of the 
two above-mentioned genera open by the deliquescence of one or more exit 
papillae, while those of our fungus are operciilate. In addition, its zoospores 
include one large refringent globule like most other chytrids ; those of 
Clav 0 city t rid ill m and Blast ocladiella contain several minute refractive 
bodies and resemble the zoospores of other species of the Blastocladiales. 

Because of its opereulate, cylindrical, and stalked sporangia our species 
does not belong in either of these or any other known chytrid genera. A 
new genus is accordingly established to include this chytrid, and because 
of the eharaeteristic shape of its sporangia the name CylindrocliytTidium 
is proposed. The type species is named C. Johnstonii in honor of Mr. J. 
Ambler Johnston of Richmond, my kind and generous host on the occasion 
of this pleasant holiday in Virginia. 
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CYLINDROCHYTRIDIUM Karlillg*, gClL IlOV. 

Thallus inonocentrie and eucarpic. Zoosporangia iisuallv stalked and 

fvliiKlrieal, occasionally sessile, opereiilate. Zoospores posteriorly umfla- 
o'ellate emerffiinj' fnllv formed and lying quiescent in a globular mass at 
the orifice of tlie sporangium for a few minutes before swimming away. 
Rhizoidal system extensive, branched with numerous catenulate spindle- 

shaped swellings. Resting spores unknown. _ ..X- . 

Thallo monoeentrico, eucarpico; zoosporangiis plerumque stipitatis et 
cylindricis, aliquando sessilibus, operculatis. Zoosporis a tergo uniflagellatis, 
inatiiris emergentibns et globoso ciiiniilo orificio sporangii quiescentibiis 
atque mox natantibus. Rhizoideo systemate exteuso et ramoso miiu nuiner- 
osis catenulatis fusiformibus increnientis. Sporis perdurantibus lucompeitis. 

Cylindrochytridium Johnstonii Karling, sp. up'''- Zoospoiangid hya- 
line smooth, thin-walled, usually tubular, cylindrical or sligiitly clavate, 
12-25 u X 30-800 u, occasionally oval, pyriform and sessile; stalk or basal 
portion usuallv of tile same shape and diameter as the sporangium, but 
sometimes inflated, vesicular, irregular and apophysis-like. Operculum oval, 
ellipsoidal, 4x6q-8xl0p, .spherical, 4-17 p; remaining attached to the 
sporamdum or Iviiig loose iiearbv. Zoospores spherical, 5.6-7 p. with a large 
ii^hly refractive globule; flagellum 22-26 p long. Rhizoidal system arising 



Fig. 1. Cylindrochytridmm Johnstonii. Variations in tlie size and shape of sporangia. 
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from one to several points on the base of the stalk, extending* over a radius 
of 100-1200 ; spindle shaped swellings 8 x 12 |.i-20 x 30 p, rare]}' lacking 

entirely. 

Saprophytic in decaying vegetable debris in swainps and streaiiis in 
New Kent County, Virginia. 

Pungus saprophyticus ; zoosporangiis hyalinis, levibns, teniii pariete, 
plerumqiie tiibulosis, cylindricis aut parum elavatis, 12-25 p x 3() ~800 p, 
interdum ovalibus, pyriformibus atque sessilibus; stipite aiit radicali parte 
pleriiniqiie similiformi et -diametro sporangio, sed aliquando iniiato, vesi- 
culoso, irregulari et apophysiformi. Operciilo ovali, ellipsoideo, 4 x 6 jj™ 
8 X 10 p, aut sporangio affixo aut liberate adiacente. Zoosporis sphaericis, 
5.6-7 p, inagno niaxime refractivo globulo praeditis; flagello 22-26 p longo. 
Rhizoideo si'steniate aut uno aut pluribus loeis radicali ex parte stipitis 
oriente, 100-1200 p ; incrementis fusiformibiis 8 x 12 p-20 x 30 p, quae raro 
omniiio desuiit. 

The sporangia of this species are predominantly tubular and cylindrical, 
but they ina}^ often vary considerably in shape, as is shown in figures 
lA-lJ. In some individuals the basal portion or stalk of the thallus may be 
very irregular (figs. lA, ID, IE, IG, and IH), while in others the sporangia 
are curved and coiled with inflated tips (figs. IP, 13, 14). Oval and obpyri- 
form sporangia with short or elongate stalks may also occur (figs. 1C, II, 
11, 12). Wlieii treated with ehoro-iodide of zinc, the walls become ;pale 
lavender in color, indicating a faint trace of cellulose. In this respect C. 
Johnstonii dii^erH from Clavochytrid^^^^ siomophilum and B. simplex. 

While the spindle-shaped swellings in the rhizoidal system are usually 
present, they may be lacking entirely in certain thalli (figs. 1C, II, and 12). 
These swellings were first believed to be due to the expansion of the rhizoids 
after the.y had passed through successive cell walls of the grass leaf, but 
this is apparently not the cause of their formation. In the elongate elements 
of the "\'aseular strands as many as four swellings were present in a single 
host cell, which indicates that they are a fairly constant morphological 
character. The rhizoidal system of G. Joknstonii is ver.v similar to that of 
Catexiocliytridiiim Berdan (1939) with its compound eatenulate apophysis, 
with the exception that the swellings are usually more elongate and thin- 
w'alled. In this latter respect it is more like that of ClavoeJiytridium, 
Whetlier or not the swellings in the rhizoids of C, Johnstonii are to be re- 
garded as constituting a compound apophysis is obviously a matter of 
personal interpretation. Because of its monocentric, rhizidiaceous, eucarpie 
thallus, this species apparently belongs in the Rhizidiaeeae as tins family 
is now recognized. Since no resting spores have been found, its relation 
to the other genera of this family is not clear at the present time. 

DEVELOPMENT OP THE THALLUS 

The development of C. JoJinstonii is essentiality the same as that of most 
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nioiiocentric rliizidiaeeoiis chYtrids wliieli Sparrow, Couch, Berdan, and 
otliers have previously described, and it would be superfluous to describe 
this process in detail again. The zoospores (fig. 3) are eliaract eristic in 
shape and activity and possess the well-known large refractive globule and 
posterior flagellum. The active swimming period lasts from 20 minutes to 
two hours, during which the zoospores may become intermittently amoeboid 
(figs. 4, 5). In germination, a fairly thick germ tube is formed (fig. 6) 
which penetrates the host cell and soon branches once or several times 
(fig. 7). When the boiled grass tissues are very soft, and at the point of 
disintegration, the thalli may develop intramatrically, and in such cases 
the rudiments of the sporangium and stalk begin as an elongate swelling 
in the germ tube at or near the point of branching (fig. 8). As the swelling 
increases in size, the zoospore case and a portion of the germ tube eventual^ 
disappear. When the'^thallus occurs partially intra- and extramatrically, 
the zoospore and a part of the germ tube form the sporangium and stalk 
after the rhizoidal system has become fairly well established (figs. 9, 10). 

As the thallus matures, the protoplasm slowly flows upward into the 
incipient stalk and sporangium, and as a result the rhizoids and lower 
portions become increasingly vacuolate (figs. 10, 11) in much the same 
manner as has been described by Cox for Clavocliyirid/him. In the mean- 
time the amount of refractive material has increased and appears in the 
form of glistening suspended globules, as is eliaracteristic of most rhizi- 
diaceous chytrids. After most of the protoplasm has aggregated in the upper 
part of the thallus, a cross wall is formed which delimits the sporangium 
proper from the more or less empty portion and rhizoidal system (fig. 12). 
After this, the protoplasm becomes coarsely granular in appearance (fig. 
12), and in a few hours the large definitive refractive globules appear 
(fig. 13). Cleavage seems to occur during or shortly after the granular 
stage, but cleavage furrows are not conspicuous at any stage in liAdng 
niateriaL The sporangium may remain in the stage shoAvn in figure 13 for 
several hours, but eventually the operculum is pushed up and the zoospores 
begin to emerge (fig. 14). The operculum is fairly large and may occur at 
the apex (figs. 2, 15, IG, IH, IB, IF) or subapically (figs. 1C, ID, II, IJ, 
Ir, 16), 

If the thallus occurs intramatrically in the soft host tissues, the tip of 
the sporangium usually projects to the surface so that the zoospores have 
no difficulty in getting out of the host. In some thalli, hoAvever, the zoospores 
may be liberated directly within the host. The zoospores emerge slowly en 
masse and are surrounded by a film of fairly consistent fluid or matrix 
(fig. 2), as in Endochyirmm, Chytridkmi, Neplir etc. Before all 

have emerged from the sporangium, the globular mass may break up and 
the individual zoospores swim aAvay. Those which are left in the sporangium 
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tlieii eiiicrg'e one bv one mid swim directly away. In sAviiiiining, the zoospores 
of 0. Johnstofiii behave like those of most other cliytrids, and iiothiiig' 
iiiiiisiial in this respect has been observed. So far, no resting spores have 
been found, and it is impossible to say at present whether this species is 
homo- or heterothallie. 

In the same host tissues with C, Johnstonii occurred another chytrid 
species which is cliaracterized by an nniisually coarse, profuse rhizomy- 
celinm and operciilate zoosporangla. It is obviously a species of N owakows- 
kiella but differs in several ways from N. elegans, N. ramosum, and Septo- 
chytrium variaMe, and I am accordingly diagnosing it as a new species, N, 
prof usmn. xin intensive cytological study of this species is now in progress, 
and the results thereof are to be published shortly. 

Nowakowskiella profusum Karling, sp. nov. Rhizomycelium very pro- 
fuse, extensive, and richly branched, hyaline, 6-15 p in diameter; well-de- 
fined, septate, spindle-shaped and oval swellings rare or lacking; rhizoids 
abundant. Zoosporangia terminal or intercalary, hyaline, smooth, rarely 
apoph 3 ^sate, spherical, 10-45 p, ovoid, ellipsoid, 8 x 12 p-20 x 35 p, clavate, 
obclav'ate, 10-22 p x 15-40 p, pyriform, obpyriform, elongate, cylindrica], 
8 X 25-10 X 50 p, lobed and irregular. Operculum apical, subapical or lateral, 
oval and spherical, 4.4 p-7 p, remaining attached to the sporangium or lying 
nearb^L Zoospores hyaline, spherical, 4 p-5.5 p with a small refringent 
globuie, 0.7-2 p. Eesting spores terminal or intercalary, spherical, 14-25 p, 
ovoid, ellipsoid, 10 x 15 p-14 x 22 p, truncate, spindle-shaped, and rarely 
irregular, with a fairly thick, ^mllowish-brown, smooth wall ; content 
granular with numerous refractive globules; germinating after a short rest 
period; forming one or two broad, tapering, thin-walled, opereulate exit 
tubes and producing zoospores directly wdthin; or content of spores occa- 
sionall}" growing out ancl forming a thin-walled zoosporangium on the 
surface. 

Saprophytic in decajdng vegetable debris in swTimps and streams in 
New Kent County, Virginia. 

Fungus saproph.ytieus ; rhizomycelio maxime profuse, extenso, eopiose 
ramoso, h^yalino, 6-15 p diametro ; incrementa definita, septata, f usiformia, 
ovalia raro habente ant deficiente; rhizoidibus numerosis Zoosporangiis 
terminalibus aut intercalaribus, hyalinis, levibus, raro apoph\'satis, sphaer- 
icis, 10-45 p, ovoideis, ellipsoideis, 8 x 12 p-20 x 35 p, davatis, obclavatis, 
10-22 p X 15-40 p, pyriformibus, obpyriformibus, elongatis, c.ylindricis, 

8 X 25 p-10 X 50 p, lobulatis et irregularibus. 0|)erculo apice aut sub apice 
aut a latere formate, ovali et sphaerico, 4.4 p-7 p, aut sporango affixo aut 
prope adiacente. Zoosporis hyalinis, sphaerieis, 4-5.5 p, parvo refringente 
globulo (0.7-2 p) praeditis. Spoils perdurantibus terminalibus aut inter- 
calaribus, sphaerieis, 14-25 p, ovoideis, ellipsoideis, 10 x 15 p-14 x 22 p, 
truncatis, fusiformibus, et raro irregularibus cum potius crasso, suciiieo 
colorato, levi pariete; eonteiitis granulatis cum permiiltis refractivis 
globulis; germinatione post brevem quietem confecta; laium (interduiii 
duo) latum acuminatum, tenui pariete, operculatum tubulum exeuntem 
gignentibus, zoosporis intra evolveiitibus, aut eonteiitis sporae iiiterdum 
emergentibiis iit sporangium tenuis parietis in siiperficie fiat. 
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That chytridiaceons fungi may occur abundantly during tlie -winter 
months in Virginia is shown by the large number of additional species whieli 
were found in the wmter and vegetable debris from 'New Kent Coiinty. In 
addition to the tW'O new species described above, the following Iviiowii species 
were found: Biohaerita sp. in Eitglena sp., Ehizophidium carpopJiilum on 
Saprolegnia sp., B. glodosiim on Cladophora glomerata, Endochytriiim 
operciilaU^^^^^^ Rhizophlijctis Fetersenif Cateriochytridimn caroUniannm, 
N eplirochyiriu^^^^^^ aurantiuni^ Cladochytrmm replicatimi, G. tenne (?), C. 
hyalinum (Berdan, in press), Beptochytrhim imriable^ and Nowakowskiella 
elegans. All these species are ne\v for Virginia, as far as I am aware. 

SUMAIARY 

CyUndrocliyiri^^^^^ Johnstonii is a new monoceptrie, euearpie, rhizi- 
diaceous, sapropindic species of the family Rhizidiaceae and occurs in 
swamps and streams containing vegetable debris in New Kent County, 
Virginia. It is usually characterized by an elongate tubular, cylindrical or 
slightly clavate sporangium, an extensive rhizoidal system with, numeroiis 
catenulate, spindle-shaped swellings, and spherical, posteriorly uninflag- 
ellate zoospores wdtli a large refringent globule. Resting spores are unlvnow'n. 

Notvakoivsk/ieUa profiisum is characterized by a coarse, profuse rhizo- 
mycelium, terminal or intercalary zoosporangia wliieh are quite variable 
in size and shape, and yellowish-brown terminal or intercalary resting spore. 

In addition to these new species, eleven other chytrids \vere isolated from 
water samples from New" Kent County, Virginia. 

Botany Department, Columbia University 
New York, New York. 
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CYTOLOGICAL STUDIES IN LACTUCA 
Thomas W. Whitaker and Eoss C. Thompson 
(with nine figures) 

This report presents a series of cytological observations of certain inter- 
specific hybrids in the genus Lachica. Previous papers have been concerned 
with the cytology of the various species, and the genetic aspects of interspe- 
cific hybridization in this genus (Whitaker and dagger 1938, Thompson 
et al, in press). As far as the available material would permit, the genetic 
and cytological variability of the species in the genus have been explored 
with the object of locating suitable material for hybridization with culti- 
vated lettuce (L. satwa). Incidentally, observations have been made which 
we consider contribute to a better understanding of relationships between 
the several species studied, and we have obtained evidence which throws 
some light on the evolutionary processes at work within the genus. 

The present paper constitutes a joint report of certain work of the past 
several seasons at the IT. S. Horticultural Station, Beltsville, Maryland, and 
the U. S. Horticultural Field Station, La Jolla, California. It is primarily 
concerned with the cytological aspects of the problems enumerated above. 

MATERIALS AND METHODS 

There were available for study interspecific hybrids of the following spe- 
cies: Lacfuea tatarica (L.) C. A. Mey. xL. mdica L. ; L. Eaddeana Maxim. 
X L. indica; L. sativa L. x L. virosa L. ; L. tatarica x L. fforidana (L.) Gaertn, 
L. graniinifolia Michx. xL. indica; L. graminifolia x A. tatarica; L. gramini- 
folia xL. virosa; L. graminifolia x L. floridana,; L. canadensis Jj.xL. flori- 
dana (for sources of material see Thompson et al.^ in press). Buds in which 
the pollen mother ceils had initiated meiosis were fixed in an acetic acid- 
absolute alcohol mixture, and prepared as described elsewhere (see dagger 
and Whitaker 1937). The cytological observations have necessarily been 
limited to those crosses which have produced material suitable for meiotic 
studies. 

observations 

L. Eaddeana (9)^xA. indica (9). Plants obtained from this cross had 
9 pairs of chromosomes. There was good s^mapsis between the two sets of 
chromosomes at diakinesis (fig. 1). In the course of the work several hun- 
dred cells have been observed, but none gave any evidence of irregularities 
at meiosis. Homology between the two.genoms is substantiated by the fact 

1 The figures in parentheses immediately following the specific names are the 
chromosome numbers of the species. 
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that tlie hybrid produced viable seed if harvested at the proper time. It 
slioiild be pointed out that there were disturbances in the hybrid plants 
wliich were not reflected in gross cytological aberrations. For exaiiiple, tlie 
seed produced by the Fi was viable only if harvested pi'eniaturely ; if allowed 
to mature the embryos became shriveled, shrunken, and would not germinate. 

L, tatarica (9) xL. inclica (9). Hybrids of tliis mating had 18 somatic 
chromosoines. Meiotic observations indicated that the two geiioms are not 
completel^v homologous. Typical cells have 7 bivalents and 4 univalents (hg. 
2 ) . There were no instances of multivalent association and 8 was the maxi- 
mum number of bivalents observed. Chromatin bridges, and unpaired and 
fragmented chromosomes were observed. As might be expected from these 
cytological observations, the Fi was entirety sterile. 

L. sativa (9) xL. virosa (9). The Fi plants resultyig from this cross had 
18 somatic chromosomes. Synapsis between the chromosomes of the genoms 
was not complete. F’requently the members of a pair, or less frequently, the 
members of two pairs of bivalents remained uncoil jugated (fig. 3). Chro- 
matin bridges were of frequent occurrence at lA (fig. 4), interkinesis, and 
IIA. Numerous fragments were observed ; most of them appeared to be 
acentric and were lost in the cytoplasm. These disturbances at meiosis were 
sufficient to cause a high degree of sterility. Three per cent of the pollen 
. were viable. However, not a single seed was obtained from the four plants 
grown to maturity. 

L. tatarica (9) xL. ftoridana (17). This mating was successful and 
produced 7. plants, all of which appeared to be interspecific hybrids. It repre- 
sents a successful case of fertilization in which the female parent, Lachica, 
tatarica, is diploid, and the pollen parent, L, floriclana, is an amphidiploid. 

The Fi plants from this cross had 26 somatic chroniosomes. Cells satis- 
factory for the determination of pairing relationships were observed to have 
a variable number of bivalents. There were never less than 9 and infre- 
quently as many as 11 bivalents (fig. 5), and occasional trivalents have 
been observed. In addition to the above features, there were such meiotic 
irregularities as unpaired chromosomes, chromatin bridges, and fragments. 

From the type and quantity of the irregularities found at meiosis, one 
could safety predict that the Fi plants would be sterile. Such was the ease, 
although they were vigorous vegetatively, and produced an abundaiiee of 
flowers ; there were no viable achenes. 

L. gramini folia (17) xL, inclica (9). The Fi plants from this mating 
had 26 chromosomes in root tip cells. In our observations of meiosis we have 
counted a maximum of 7 bivalents per cell. The remaining chromosoines 
are unpaired, and apparently distributed at random during the first di- 
vision. These cytological irregularities did not result in complete sterility in 
the Fi plants. A few seed were obtained late in the flowering season. 





^ 8 . 9 . 


Fig. 1. Diakinesis, Laetuca BaddeanaxL. indica, sliowiiig 9 bivalents. Fig. 2. 
Fiakiiiesis, L, iatarica x L. indica, showing 7 bivalentSj the 4 univaleiits are drawn in 
outline. Fig. 3. Diakiiiesis, L. sativaxL, mrosa; 8 bivalents, 2 univalents. Fig. 4. Late 
telophase, L. sativaxL. virosa, showing chromatin bridge and acentric fragment. Fig. 5. 
Fiakinesis, L. tataricaxL. floridana; 1 trivalent (crosshatched) , 8 bivalents, and 7 
univalents. Fig. 6. First anaphase, L. gratnmifoUa xL. virosa; 9 bivalents, 8 univalents. 
Fig. 7. Diakinesis, L. graminifoUaxL. tatarica; 8 bivalents, 10 univalents. Fig. 8. 
Fiakiiiesis, I/. graminifoUa x L. floridana; 17 bivalents. Fig. 9. Diakinesis, L. ca7iadensis 
xL. graminifoUa; 17 bivalents. 

417 tIofiiTAs y 2000. exeeut fiffiire 8 which is x 1500. 
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L. gramimf()lia (17) xJD. virosa (9). Altliongli this mating was at- 
tempted on numerous occasions only one hybrid plant was obtained. The 
Fi plant had 26 ehroniosomes (fig. 6). Pairing was of the Broscra type, 9 
bivalents plus 8 univalents. There were rnan.y irregularities, tor example 
ehroniatin bridges at lA, and IIA, fragments and even entire elir()mosonies 
lost in the cytoplasm. Because of the great number of cytological irregulari- 
ties we anticipated considerable pollen sterility. Such was the ease; oiily 
about 9 per cent of the microspores indicated viability by the staining 
method and no viable seed developed. 

L. graminifolia (17) xL. tatarica (9). The Pi plants of this combina- 
tion had 26 chromosomes. Meiosis in the hybrid was A^ery irregular. Lagging 

TABLE 1 

Siimniarized cytological observations of species liylmds in Lactuca 


Species 

Chromosome 

number 

of 

Per 

cent 

viable 

Produc- 
tion 
of seed 

Pjiiring’ 

Cytological 

irregular- 

ities 


11 

2 ii 

pollen 


L. Raddeana (9) 
xL. indica (9) 

9 

18 

16.6 

Fair 

911 

None 

L. tatarica (9) 

X L. indica (9) 


18 


None 

Complete 

pairing’ 

2 -P 

Non-pairing 

L. sativa (9) 
xL. virosa (9) 

9 

18 

3.0 

None 

7-8" 

1 ~ 2 ^ 

Bridges 

Fragments 

Non-pairing 

L. tatarica (9) 

X L. fioridana (17) 


26 

14.9 

None 

7-8" 

5-.71 

Bridges 

Univalents 

L, gramvnifolia (17) 
xL. indica (9) 


26 

37.9 

Few 

8-9" 

11 " 

12 -lP 

Non -pairing 

Bridges 

Fragments 

Unpaired 

L. graminifolia (17) 
xL. virosa (9) 


26 

9.0 

3 seeds 

6-7" 

8 ' 

chromosomes 

Bridges 

L. graminifolia (17) 
xL. tatarica (9) 


26 


None 

9" 

10 ^ 

Fragments 

Unpaired 

chromosomes 

Bridges 

L. graminifolia (17) 
xL. fioridana (17) 

17 


90.0 

Good 

8 " 

17" 

Fragments 

Unpaired 

chromosomes 

Occasional 

L, canadensis (17) 
xL. fioridana (17) 

17 


9.0 

Fair 

17" 

fragment 
and bridge 

None 
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eliromosomes, iiiipaireci cliromosomes, and cliromatin bridges were ob- 
served. In cells satisfactor}^ for the observation of pairing relationships 
there were 8 bivalents and 10 impaired chromosomes (fig. 7). No viable seed 
was obtained. 

L. gramini folia (17) xL. floridana (17). The Fi plants from this cross 
between two amphidiploid species had 17 pairs of chromosomes (fig. 8). 
At diakiiiesis all chromosomes were associated as bivalents. Multivalent asso- 
ciation appeared to be rare or entirely lacking. A few fragments and an 
occasional chromatin bridge have been observed. Pollen counts indicated 
between 90 and 95 per cent good pollen. These hybrids were expected to 
be only slightly less fertile than the parents, and this was actually the case. 

L. canadensis (17) x I/, floridana (17). H^'^brids from this mating had 
17 pairs of chromosomes. The chromosomes were associated as bivalents in 
all the cells satisfactory for the determination of pairing relationships (fig. 
9). A careful search through our material has not revealed a single cyto- 
logical irregularity. 

In table 1 the pertinent observations on the cytology of the Ft plants 
of various Lachica species described in detail have been summarized. 

DISCUSSION 

On the basis of the genetic and cytological evidence the amphidiploid 
species of Lactuca with 17 chromosomes form a closely related group. In 
fact the evidence suggests the theory that these species are derivatives of 
a single amphidiploid, i.e., the chromosome complement of the group may 
be represented by the formula AABB, where A = the 8 chromosome genom 
and B = the 9 chromosome genom. Facts supporting this statement are as 
follows. 

1. Of the five crosses reported between species with seA^enteen chromo- 
somes, four hai^e produced Fi plants that were partly or wholly fertile. It 
is true that there is considerable Amriation in fertility betAceeii the extreme 
case of L. graminifoUa x L. caaiadensis^ in AAdiich the Fi is as fertile as either 
parent and the situation in the hybrids of the mating betAveen L. cana- 
densis X L. floridana in which only a few seed haA^e been obtained. In onl^' 
one cross Avas the Fi sterile {L. spicataxL. gramanifoUa) . HoAvever, the 
fact that the mating was successful is some indication of relationship. 

2. In the Fi plants that haA^e been studied cytologically there is A-ery 
good synapsis between the genoms of the parental species. Pairing in most 
crosses takes the form of bivalent association. We haA^e observed very foAV 
multivalent configurations in interspecific crosses in this group of species. 

3. In at least one cross {L. canadensis x L. graminifoUa) Avhieh has been 
studied intensively it has been possible to demonstrate that specific differ- 


2 Unpnblislied data in dies of the writers. 
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eiices are dependent upon relatively few gene diifei*ences (nnpiiblislied data 
on F 2 J F 3 ? of L. canadensis x L. graminifolia ) , 

4. The 17-eliromosoine species of Lactuca are indigenous to eastern 
North America, from Canada to F'lorida. The fact that they are confiiied 
to this limited geographical area would seem to be another indication of 
close affinity. 

It may be argued that the American species of Lactuca instead of being 
amphidiploids have descended from a single 9-chromosome tetraploid Lactuca 
species through the loss of one pair of chromosomes. Circumstantial evidence 
is against this supposition, because (a) in L. sativa^ tetraploids produced 
by colchicine have been extremely sterile, probably as the result of rela- 
tively large amount of multivalent association (unpublished data) ; (b) on 
the contrary, the American species are ver^' fertile^ (90-95 per cent good 
pollen), and any exception to bivalent association is rare. 

The possibility that the American amphidiploids are the result of a 
mating between two 9-paired species and subsequent amphidiploidy with 
the loss of one pair of chromosomes cannot be entirely dismissed. However, 
there is no precedent on record for this type of origin, and it is to be 
expected that the loss of one pair of chromosomes would create serious 
difficulties interfering with viability. 

If full consideration is given to their compatibility relationships and 
cytological behavior, it is probable that the 17-chromosome amphidiploid 
species of Lactuca have originated from a single oceiirrence of amphidip- 
loidy. Speciation on the basis of this assumption has taken place through 
the accumulation of a number of relatively simple gene mutations, with 
perhaps some structural rearrangement of the chromosomes, since an 
occasional chromatin bridge has been found in certain crosses. 

Having disposed of the question of genetic affinity between the American 
amphidiploid species of Lactuca^ it now seems proper to review some of the 
evidence regarding their origin, that is, to consider which of the 8- or 9- 
chromosoine species are the most likely ancestors of the American amphidip- 
loids. We have no observations that would indicate the 8-chromosome par- 
ental species; on the other hand there are some data which suggest the 
group from which the 9-ehromosome species may have come. 

On the basis of genetic evidence, and with certain exceptions, the species 
of Lactuca fall into three compatibility groups (Thompson et al, in press). 
Group I consists of the 9-chroinosome species which are more or less closely 
related to cultivated lettuce {L. sativa, L. Scmnola, L. altaica, L. virosa, 
L, saligna) . Qrou-p II is made up of the following 9-chromosome species: 
L. indica, i. Raddeana, and L. tatarica. Group III is composed of the 17- 
chromosome American species. Of the 14 successful crosses obtained between 
members of two of these groups (groups II and III), three have been ex- 
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^ tif 8 eiiroiiiosoiiics from eacli 

aiiiiiied ey tologTcalh . n mos ^ one liYbrid plant was obtained in 
o*enoin seemed to be homologons. 0 , - t '-f-i +Iia 17 r*h romosoinp 

^rareds of attempts to hvbridize species in group I with the 1 -chiomosome 
hundieas 01 axieu p hvbrid pairing' was ot the Drosera 

AineTicaii >species (group HI)* tn this ^ i . 

Ameiicd i ‘‘’Pf'yy;’ Y between 9 chromosomes ot each genoni. On the 
type, indicating honiolot,^ • „+ cnffijiient to be decisive 

basis of pairing relationships the evidence is not sutficient to be decisne 
basis ot paiiiiin j genetic data that species 

between gronp «.k1 ^ 

bybride . re m, .eh mere ^ ......hidiploids 

thrt the mUlolegic.1 eridence .Iso sbpporte this co.teh.s.op, h.h.e tl.t 
group III has i»«hy more characteristics m eoiimion with gioiip 11 riiaii 

with group I.'^ « 

SUMMARY 

Observations of the principal details of meiosis in nine F, hybrids 
produced from a series of interspecific mating^ in LonOicn 
Three of these crosses were between species with 9 pans ot chioniosomes, 
four between species having 9 and 17 pairs of chromosomes, and tmi between 
species with 17 chromosomes. Pairing behavior and ineguldiitics die an 
alyzed in these hybrids. It is evident from this analysis that the 9-diroino- 
soine species consist of at least two distinct compatibility The li- 

ehromosome group is very homogenous. It is suggested that the latter gioup 
Ti species has descended from a single amphidiploid or may have resulted 
from a single occurrence of amphidiploidj . 

U. S. Horticultural Field Station, 

La Jolla, California. 

U. S. Horticultural Station 
Beltsville, Maryland 
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MULTINUCLEATE” PLANT CELLS 


Paul R. Burkholder and Ilda McVeigh 


(with one figure) 

During a study of the growth of some maize lines and hybrids, an ap- 
parent multinucleate condition was observed so frequently in cross sections 
of stems that we were led to investigate the real nature of the condition. 


Pig. 1. Above: Transverse sections through internodes of young maize plants show- 
ing apparently bi- and triniicleate condition in ground parenchyma. Below: Diagrams of 
longitudinal sections through internodal parenchyma cells showing in A how cross sections 
cut 16 microns thick along dotted lines would give an apparently biriueleate striicturej and 
in B a trinucleate artifact. 
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Some workers with whom the phenomenon was cliscnssed expressed the 
opinion that our inbred lines might be nniqne in possessing as a general rule 
multiniieleate cells. Others confirmed our observations in the light of their 
own experiences with maize, and recalled that just one score years ago Beer 
and Arber (1920) had described miiltinucleate cells in 177 species repre- 
senting 60 families of plants. Wipf and Cooper (194:0) have since reported 
binueleate cells occasionally present in the cortical parenchyma of roots of 
eight species of leguminous plants. Even though a recent paper by Wareharn 
(1936) exposed the fallacy of a so-called ‘ Bnultinueleate phase’' in stem 
development, it appears that many botanists are not yet certain about the 
condition in parenchyma cells. 

Further studies were made on both transverse and longitudinal sections 
through internodal tissue just above the intercalary meristein of a number 
of selected lines of maize. Microchemical tests with iodine, crystal violet, 
ninhjulrin, Feulgen reagent, etc., convinced us that the small bodies grouped 
in the cells were really nuclei, and not starch grains or other debris. In both 
transverse and longitudinal sections appropriate tests with I-KI and sul- 
phuric acid, and with ruthenium red, permitted clear demonstration of cell 
walls separating the nuclei, one to each cell. No apparent miiltinucleate con- 
dition was ever noted in longitudinal section. The alleged bi- and trinucleate 
conditions portrayed in the accompanying photomicrographs (fig. 1) are ex- 
plained ill the lower part of the figure by camera lucida drawings of cells in 
longisectional view. Many cells of the ground parenchyma adjacent to the 
meristein are compressed and distorted out of ordinain^ shape as a result of 
differential cell expansion in the internode. It is plainly seen how cross 
sections cut 16 microns thick (dotted lines) can produce multiniieleate arti- 
facts. Though the multiniieleate condition is known to occur in special in- 
stances in the plant kingdom, it is not the true condition in stem parenchyma 
of maize. This brief note, therefore, substantiates the work of Wareham, who 
reported that cells of pith and cortex appearing multiniieleate in cross 
section are in reality uninucleate. 

Osborn Botanical Laboratory, Yale Unhcersity 
New Haven, Connecticut 

AND 

Northwestern State College 
Alva, Oklahoma 
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STUDIES OF PACIFIC ISLAND PLANTS— I 


A. C. Smith 

This paper is the first of a series in which it is proposed to discuss new 
and noteworthy plants from the Pacific area and to revise limited gToiips 
of plants as the occasion arises. The geogTaphic area under consideration 
includes the Polynesian, Micronesian, and Melanesian groups, altlioiigh the 
Solomon Islands, being floristically so intimately related to New Guinea, 
ma,y as a rule be excluded from treatment in this series. A substantial vol- 
ume of herbarium material has recently been collected in the Pacific, and 
it seems probable that in the near future additional material will be avail- 
able for stud^y. The writer has no wish to intrude upon the fields of various 
students who are occupied with special taxonomic groups or geograpiiie 
areas in the Pacific, and intends to limit this series to discussions of more 
or less neglected groups. 

THE PACIFIC SPECIES OF MYRISTICA 

In his treatment of the Myristieaceae, Warburg (Nova Acta Acad. Leop.- 
Carol. 68: 1-680. pi. 1~25. 1897) definitely recognized only three species of 
Myristica in the Pacific, but subsequent collections indicate the existence of 
eight species, of which one is first described in the present paper. These 
species occur from Samoa and Tonga westward and are well localized, only 
one (M. inuiilis) being known from several major geographic groups. They 
are distributed as follows: Samoa (2 species), Tonga (1 or possibly 2 spe- 
cies), Fiji (4 or possibly 5 species), New Hebrides ,(2 species), Carolines (1 
species). In the neighboring Solomon Islands, 8 species are known (see A. C. 
Smith, Jour. Arnold Arb. 22 : 60-80. 1941), and in view of this it seems 
unlikel}' that only 2 species actually exist in the New Plebrides; it is to be 
anticipated that future collectors in this group will discover other species. 
The distribution of Myristica is an interesting illustration of the increasing 
paucity of species toward the east, as compared with the wealth of species 
in New Guinea, where at least 34 are now known. The insular species show 
strong affinities with those of New Guinea, some of them being more closely 
allied to Papuan relatives than to each other. 

Since the Pacific species were originally described, for the greater part, 
from inadequate material, it seems advisable to include in this treatment 
descriptions based on the available specimens, except for M. macrantha, 
since the publication of which no additional material has become available. 
I have been privileged to see the specimens deposited in the following her- 
baria: Arnold Arboretum (A), Gray Herbarium (GH), New York Botani- 
cal Garden (NY), IT. S. National Herbarium (US), the place of deposit 
being indicated by the abbreviations in parentheses. I am indebted to the 
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directors and curators of the named institutions for the opportunity to 
examine specimens. 

Several characters in the genus Myristica have a diagnostic value which 
has been neglected. The leaf -blades of the Pacific species are often ceriferous 
beneath, the wax being deposited either as a uniform thin layer or in minute 
crowded globules. The latter type is illustrated by M. macrmitha and M, 
castaneaefoUa. The type of pubescence on the staminate infloreseence is also 
a constant character and must be resorted to for the accurate separation 
of certain species. More obvious characters, such as leaf-proportions and 
size, venation, type of inflorescence, shape of perianth, and proportions of 
fruit are also fairly dependable. Leaf-shape, however, is often not a reliable 
character and hardly seems to justify specific separation unless it is sup- 
ported b.y other evidence. 

Ivey to the Pacific Species 

Staminate inflorescence coarsely vermiform, simple or forked near base, tlie 
raehises densely cicatrieose to base, 4 mm. or more in diameter; 
perianth cylindric-ellipsoid or campaniilate, about twice as long as 
} 3 road; connective slightly exceeding the anthers; lower surface of 
leaf-blades farinose- or papillose-ceriferous ; Piji. 

Leaf -blades large, 35-60 cm. long, 12-23 cm. broad, rounded to cordate 
at base ; secondary nerves 24-35 per side ; rachis about 10 mm. in 
diameter ; perianth about 10 mm. long 1. M. macrantha. 

Leaf-blades smaller, (10-) 15-32 cm. long, (4.5-) 6-14 cm. broad, obtuse 
to rounded at base; secondary nerves 17-27 per side ; rachis 4-5 

mm. in diameter; perianth 5-7 mm. long 2. M. castaneaefoUa. 

Staminate inflorescence comparatively slender, the raehises rarely exceeding 
4 mm. in diameter, the primary (and often secondary) peduncle 
usually obvious; lower surface of leaf -blades often ceriferous but 
smoothly so (rarely in no. 5 f arinose-cerif erous) . 

Leaf -blades persistently pale-tomentellous beneath; staminate perianth 
urceolate-cylindric, , at least twice as long as broad; androeciimi- 
stalk nearly as long as anthers, the connective obviously produced ; 
fruit oblong- ellipsoid, much longer than broad; Samoa to New 
Hebrides (and Solomons) 3. M. imitiUs. 

Leaf-blades glabrous, at least at maturity; staminate periantli 1-2 times 
as long as broad; androeciiini-stalk conspicuously shorter than 
anthers, the connective not (or faintly) jjroduced. 

Staminate inflorescence simple, the peduncle 1-1.5 mm. in diameter, 

SAvollen distally, the perianth campanulate, nearly twice as long 
as broad; leaf -blades comparatively small (6-15 cm. long, 2.5- 
6.5 cm. broad), inconspicuously ceriferous and concolorous, the 

secondary nerves inconspicuous; Fiji 4. M. chartacea. 

Staminate inflorescence usually obviously forked, the peduncle 1.5-4 
mm. in diameter, the raehises usually elongate, the perianth 
snbglobose or broadly campanulate, nearly as broad as long; 
leaf-blades larger (12-35 (-45) cm. long, (4-) 6-16 cm. 
broad), conspicuously ceriferous and usually glaucous beneath, 
the secondary nerves obvious, strongly prominulous beneath. 

Leaf -blades about twice as long as broad, the secondary nerves 
comparatively eroivded ; staminate inflorescence tomentellous 
(hairs several-celled, the lower cells conspicuously trails- 
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versely fusiform); anthers 11-lS; fruit ellipsoid (37-50 

mm. long, 23-30 mm. broad) ; Carolines 5. ilf. insularis. 

Leaf-blades usually 3-4 times as long as broad, the secondary 
nerves comparatively spaced; anthers 7~11. 

Stamiiiate indoreseence strigose (hairs simple or obscurely 
plumulose near base) ; fruit broadly ellipsoid or sub- 
globose (28-40 mm. long, 24—30 mm. broad) ; Samoa and 
Tonga 6. M. hypxrgyraea. 

Staminate inflorescence tomentellous (hairs branched from or 
near base, tangled) ; fruit oblong-ellipsoid, eonspicuously 
longer than broad (37-50 mm. long, 23-28 mm. 
broadly); Fiji 7. M. GiUespieana. 

Species of this relationship; leaf -blades ehartaceoiis, ol>seurely 
ceriferous; infloresceiiee lacking; fruit essentially sub- 
globose (27-32 mm. in diameter) ; New Hebrides 

8. If. 

1. Myristica macrantha a. C. Sniitli, Bishop Bull. 141 : 67. /. 33, 
1936. 

The original description was based on the material cited below and 
therefore does not need amplification. 

Distrihtition: Fiji, known only from Vanua Levn at elevations up to 
700 m. 

Fiji — ^^’ANUA levu: Mbiia, lower Wainunn Kiyer valley, SniifJi 1719 
(6H, NY — TYPE, US) ; Thakaundrove, southwestern slope of Mount 
Mbatini, Smith 613 (GH, NY, US). 

Common name: Male wangga. 

The species is closely related only to M. casianeaefolia^ being readily 
separable by the great size of all its parts. While this difference may not be 
veiy dependable as regards foliage, it is very striking in a comparison of 
the staminate inflorescences and perianths. 

2. Myristica castaneaefolia A. Gray, Bot. U. S. Expl. Exped. 1 : 32. 
1854; A. DC. ill DC. Prodr. 14: 193. 1856; Seem. FI. Yit. 205. 1867; 
Warb. Nova Acta Acad. Leop. -Carol. 68 : 492 (as M, castaneifolia) . pi. 18. 
1897. 

Tree to 18 m. high, the vegetative parts essentiall}’’ glabrous throughout, 
the branch] ets stout, sub terete, soon cinereous and rugulose; petioles stout 
(1.5-5 mm. diain.), 12-35 mm. long, brownish or nigrescent, shallowly 
eanaliciilate ; leaf -blades chartaceons or thm-coriaceous, oblong-elliptic, 
(10-) 15-32 cm. long, (4.5-) 6-14 cm. broad, obtuse or rounded at base, 
obtuse or obtusely cuspidate at apex, slightly reflexed at margins, dark 
brown above, glaucous beneath and farinose- or papillose-ceriferous (rarely 
smoothly ceriferous when young), the costa conspicuously raised above, 
prominent beneath, the secondary nerves 17-27 per side, spreading, straight, 
anastomosing near margins, impressed or faintly raised above, prominent 
beneath, the veinl ets obscure, sometimes faintly impressed above and pro- 
miniilons beneath ; staminate inflorescence coarsely vermiform, up to 25 iiiiii. 
long, usually forked near base, the peduncle stout (about 4 iimi. in diameter) , 
1-6 mm. long, the secondary peduncles none, the raehises stout (4r-5 inni. 
in diameter), very densely cieatricose, pubescent distally, the bracts ovate, 
minute, caducous ; flowers aggregated toward ends of raehises, densely fer- 
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iTigiiioiis-strig'Ose or -sericeous (liairs about 0.7 mm. long, simple or obseurel}?' 
plumiilose near base), the pedicels very short, the braeteole deltoid-ovate, 
1-1.5 mm. long*, subacute; perianth thick-carnose, eylindric-ellipsoid, 5-7 
mm. long, 2.5~3.5 mm. in diameter, the lobes 3, deltoid-oblong, subacute, 
about 1 mm. long; androecium 4r-5 mm. long, the stalk stout, 1-1.5 mm. 
long, shortly castaneous-strigose near base, the anthers 8-10, 2.5— 3.5 mm. 
long, the connective stout, obtuse and slightly (0.2-0. 5 mm.) projecting at 
apex ; fruit subsessile at ends of short inflorescences, ellipsoid or ovoid- 
ellipsoid, often inaequilateral and obscurely carinate, 28-38 mm. long, 18-24 
rnm. broad, obtuse to truncate at base, rounded and minutely apiculate at 
apex, densely ferruginous-tomentellous, the pericarp 2-3 mm. thick, the aril 
copiously laciniate. 

Bistrihution: Fiji, apparently fairly abundant at elevations up to 900 m. 

¥i 3 i: Horne 205\G:'R) , 243 (GH). vm levu: Tholo North, Nandarivatu, 
Gillespie 4312 (NY, US) ; Namosi, Mount Naitaranclamu, Gillespie 3357 
(NY); Naitasiri, Tamavua woods, near Suva, Gdlespie 2032 (NY), 2056 
(US). OVALAU: Z7. S. Expl. Exped. (GH— type, NY, US), vanua levu: 
Mbiia, Seatovo Range, Smith 1537 (GH, NY, US) ; lower Wainunu River 
valley, Smith 1745 (GH, NY, US).^ 

Common names: Male, Male ndina. 

The specimens from Vanua Levu have slightly smaller leaves than the 
others and do not show such a pronounced farinose-ceriferous lower surface 
of the leaf-blades, but there seems no doubt of their place here. I erroneously 
mentioned (Bishop Mus. Bull. 141 : 66. 1936) one of these specimens as M. 
hypargyraea, a species not yet known from Fiji. 

3. Myristica inutilis Rich ex A. Gray, Bot. U. S. Expl. Exped. 1 : 34. 
1854; A. DC. in DC. Prodr. 14 : 191. 1856; Warb. Nova Acta Acad. Leop.- 
Carol. 68 : 481. pi. 18. 1897; Guillaumin, Jour. Arnold Arb. 14 : 59. 1933; 
Christophei*sen, Bishop Mus. Bull. 128 : 87. 1935; A. C. Smith, Jour. 
Arnold Arb. 22 : 74. 1941. 

Slender tree, up to 20 m. high, the young parts ferruginous-sericeous, 
the branchlets slender (1-2.5 mm. in diameter distally), subterete, pale 
brown, at length cinereous, rugose, lentieellate ; petioles slender (1-3 mm. 
in diameter), 10-28 mm. long, pale brown or nigrescent, shallowly canalicu- 
late; leaf -blades papyraceous or ehartaceous, oblong- or obovate-elliptic, 
12-23 cm. long, 4-8.5 cm. broad, acute to rounded at base, gradually acumi- 
nate or cuspidate at apex, glabrous and dark olivaceous above, paler and 
persistently pale tomentellous beneath, the costa slightly raised above, 
prominent beneath, the secondary nerves 14-22 per side, ereeto-patent, 
slightly arcuate, obscurely anastomosing, essentiall.y plane or slightly im- 
pressed above, prominulous beneath, the veinlets usually obscure ; staminate 
inflorescence axillary or arising from defoliate branchlets, up to 12 mm. 
long, usually forked near base, rarely simple, the peduncle 1,5-3 mm. in 
diameter, 1-4 mm. long, the secondary peduneles veiy short or essentially 
none, the rachises 2.5-3 mm. in diameter, eicatricose nearly to base, pubes- 
cent distally, the bracts ovate, minute, caducous; flowers crowded distally 
on rachises, pale ferruginous-tomentellous (hairs usually 3~6-branehed from 
base, 0.2-0.4 mm. long, rarely simple), the pedicels siender, up to 4 mm. 
long, the braeteole submembranous, ovate-deltoid or oblong, obtuse, 1.5-4 
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inm. long, l-“2 mni. broad; perianth urceolate-eylindric, 4-5 irim. long, 1.5- 
2.5 inni. in diameter, the lobes 3, deltoid, subacute, 1-1.5 imii. long and 
broad; aiidroecinin 3.5-4.5 mm. long, the stalk slender, 1.5-2 iiiin. long, 
faintly stramineoiis-strigose near base, the anthers 8-11, 1. 7-2.5 mm. long, 
the connective slender, obtuse, usually obviously exceeding the anthers; 
fruits solitary or paired, usually axillary, the pediinele 4-6 mm. long, 2.5-4 
mm. in diameter, swollen distally; fruit oblong-ellipsoid, 23-40 irmi. long, 
15-23 mm. broad, obtuse at base, obtuse and minutely apiciilate at apex, 
persistently pale tomentellous, the pericarp about 1 mm. thick, the aril fiiiel}’ 
laeiniate, the seed oblong-ellipsoid, up to 32 mm. long and 17 mm. broad. 

DistriJbution: Samoa (and perhaps Tonga) and the New Hebrides, at 
elevations up to 500 m. ; also known from the Solomons. 

New Hebrides — efate : Undine Bay, Kajewski 220 (A), tanna : Leiiakel, 
Kajewski 44 (A), aneityum: Anelgauhat Bav, Kajewski 757 (A). Samoa: 
U. S. Expl. Exped. (GH— type, NY, 4]^ ^ Whitmee (GH) ; Graejfe 79 
(GH) ; Vampel 642 (US) ; Kimtze 21084 (NY), tau: near Paleasao, Garber 
609 (NY). TUTUiLA: near Pango Paiigo, Kimtze 23015 (NY) ; Potts 1 (US) ; 
above Naval Station, Christopher sen 984 (US), 995 (NY), savaii: Salailua, 
Christophersen 2612 (US) ; Tanga, Christophersen 2338 (NY) ; near 
Samalaeulu, Christophersen 3473 (NY, US). Tonga (f) : U. 8. Expl. Exped, 
(US). 

Common name: Atone ^ At age (in Samoa). 

Although one of the Exploring Expedition specimens, as cited, bears the 
inscription ^ ^ Tonga, ’ ' and although the species is mentioned in the original 
publication as being from ‘‘Tutuila, Savaii, and Tongatabu,’’ it may be 
advisable not to record this species definitely from Tonga until additional 
and more accurately labeled specimens are available. 

The species is a very distinct one and has no close relatives among Pacific 
species, being apparently of the alliance of the Papuan M, Biiehnerkina 
Warb. The New Hebrides specimens have the fruits proportionately slightly 
broader, but this small difference hardly seems to distinguish them specifi- 
cally from the Samoan specimens. The absence of M. kmtilis from Fiji is 
noteworthy and is possibly to be explained by the inadeqiiac.y of our mate- 
rial from that group. Christophersen cites several Samoan specimens not 
available to me, the species being fairly abundant in that group. 

4. Myristica chartacea Gillespie, Bishop Mus. Bull. 83: 5. /. 2. 1931; 
A. C. Smith, Bishop Mus. Bull. 141 : 66. 1936. 

Slender tree, up to 15 m. high, the young parts tomentellous, the branch- 
lets sub terete, very slender (1-3 mm. in diameter), pale brown, at length 
cinereous and rugose; petioles slender (1-2 mm. in diameter), 10-26 mm. 
long, pale brown, shallowly canaliculate ; leaf-blades chartaceous, oblong- 
elliptic, 6-15 cm. long, 2.5-6.5 cm. broad, rounded to acute at base, rounded 
to obtuseU^ shoiff-acuminate at apex, slightly recurved at margins, olivaceous 
and concolorous, obscurely and smoothly eeriferous beneath, the costa con- 
spicuously raised above, prominent beneath, the secondary nerves 17-22 per 
side, erecto-patent, straight, obsoletely anastomosing, essentially plane or 
faintly impressed above, plane or prominuloiis beneath, the veinlets obscure, 
often slightly impressed above; staminate inflorescence axillary or arising 
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from defoliate braiiclilets, up to 10 mm. long, simple, the pedunele 1 - 1.5 mm. 
in diameter, 2-4 mm, long, swollen distally, faintly stramineoiis-strigose, the 
bracts broadly ovate, minute; flowers fasciculate at apex of pedunele or 
crowded on a very short rachis, ferruginous- tomentellous (hairs branched, 
about 0.3 mm. lon*g‘) > the pedicels up to 1.5 mm. long, the bracteole submem- 
branous, ovate, about 4 mm. long and broad, obtuse ; perianth thin-carnose, 
campanulate, 4.5-5 mm. long*, 2.5-3 mm. broad, the lobes 3, deltoid, about 
1.5 by 2.5 mm. ; androecium stout, earnose, 3.5-4 mm. long, the stalk gla- 
brous, about 1 mm. long, the anthers 6 or 7, 2.5-3 mm. long, free distally 
and often slightly exceeding the apieally convex connective ; pistillate in- 
florescences essentially similar to staminate ; perianth urceolate, to 4 mm. in 
diameter; ovary ovoid, about 2.5 mm. in diameter at anthesis, densely fer- 
ruginous-strigose, the stigma deeply cleft; fruits usually solitary, often sub- 
sessile, the peduncle up to 10 mm. long and 4 mm. in diameter ; fruit ovoid- 
ellipsoid, 27-50 mm. long, 17-30 mm. in diameter, usually truncate at base, 
rounded and minutely apiculate at apex, persistently tomentellous, the 
pericarp rugose, thin (1-2 mm. thick), the aril laciniate into broad lobes, the 
areoles large, the seed oblong-ellipsoid, up to 40 by 24 mm. 

Disiriluiion : Fiji, at elevations between 200 and 900 in. 

Fiji: Seenian 7 (GH). vm levu: Horne 966 (GH). vanua levu: Tliak- 
aundrove, Yanawai River region, Mount Kasi, Smith 1825 (GH, NY, US) ; 
southern slope of Korotini Range, Smith 501 (GH, NY, US), moala: near 
Naroi, Smith 1316 (GH, NY, US), 1319 (GH, NY, US). 

Common names: Male, Wale. 

The type is Gillespie 4206, from Nandarivatu, Tholo North, Viti Levu; 
additional specimens are cited by Gillespie from Nainosi and Naitasiri pro- 
vinces, Viti Levu. The species is readily recognized by its small leaves with 
inconspicuous nerves and is perhaps most closely related to M. Gillespiea/na; 
it can be at once distinguished from M. cast aneae folia by its lack of the 
powdery wax characteristic of the under surface of leaf-blades of that spe- 
cies, as well as by obvious floral and other foliage differences. 

5. Myristica insitlakis Kanehira, FI. Micrones. 115. f. 35. 1933 ; Bot. 
Mag. Tokyo 47 : 671. 1933. 

Tree, up to 10 m. high, the young parts ferruginous-sericeous, soon 
glabrescent, the branchlets stout (3-5 mm. in diameter distally), rugose, 
subterete, browm or cinereous; petioles stout (3-4 mm. in diameter), 10-40 
mm. long, brownish or nigrescent, conspicuously canaliculate; leaf -blades 
thin-coriaceous, oblong- to obovate-elliptic, 13-30 cm. long, 5.5-15 cm. broad, 
rounded to obtuse at base, obtuse at apex, often conspicuously recurved at 
margins, dark olivaceous above, glaucous and smoothly (rarely inconspicu- 
ously farinose-) ceriferous beneath, sometimes sparsely tomentellous be- 
neath when young, soon glabrescent, the costa conspicuously elevated above, 
prominent beneath, the secondary nerves 16-25 per side, erecto-patent, 
anastomosing toward margins, usually impressed or occasionally prominu- 
lous above, prominent beneath, the veinlets usually impressed above and 
plane beneath, occasionalhu faintly proininulous on both sides; staminate 
inflorescence supra-axillary or arising from defoliate branchlets, 20-40 mm. 
long, forked, the pedunele 2-3 mm. in diameter, 10-20 mm. long, closely 
ferruginous-strigose, the secondary peduncles up to 3 mm. long, sometimes 
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essentiall}" none, the raehises, about 3 nim. in diameter, eloii^u'ate, m'rati-ic^ose, 
ferriiginous-strigose, the bracts caducous; flowers crowded iieai* apif^c^s of 
raehises, ferruginoiis-tomentellous (hairs 0.3-0. 6 mm. !ong, seve}-al-(n‘iie(i, th(‘ 
lower ceils eonspiciiously transversely fusiform, the apii-al (-ejl ot't<,oi elon- 
gate) , the pedicels 2-4 mm. long at anthesis, stout, the bracteoh* submemhraii- 
ous, broadly ovate to deltoid, 2-3 mm. long, 4-5 mm. broad, obtuse; pei*bmth 
campanulate, 4-5 inm. long and broad, the lobes 3, deltoid, obtuse, about 1.5 
by 3 mm. ; androeeium stout, 3. 5-4.5 mm. long, the stalk 1-1.5 miii. ioug, 
sparsely and obscurely stramineous-strigose, the anthers 11-18, 2-3 mm. 
long, faintly exceeded by the obtuse connective; fruits apparentl.v usually 
solitary, the peduncle 3-7 mm. long, stout (4-6 mm. in diameter) ; fruit 
oblong-ellipsoid, 37-50 mm. long, 23-30 mm. broad, rounded or obtuse at 
both ends and inaequilaterally apiculate at apex, densely ferruginous-toinen- 
tellous, the pericarp brittle, about 1 mm. thick, the aril laciniate into thin 
lobes, the areoles often large, the seed oblong-ellipsoid, conspicuously 
marked by the impressions of the aril. t 

Distnhiifion: Chiroline Islands, at elevations up to 300 m. 

Caroline Islands — todaiyama, near Korror: Kanekira 1865 (NY, type 
coll.), 2024 (NY, US), babeldaob: Galdok, Kanehira <0 Hatusima 5009 
(NY). PONAPE: Kamhira 727 (A, NY), 76^-? (NY), 1512 (NY), 1545 (NY, 
US). 

Comniori name: Karala (Poiiape). 

Some of the above-cited specimens have been mentioned by Kanehira 
(Bot. Mag. Tokyo 45: 280. 1931; FI Micrones. 113. /. 34. 1933) as M. hypar- 
gyraea, but I believe them to be all conspecific and to represent an endemic 
species, M. insnlarh may be separated from its Samoan and Fijian relatives 
{M. hypargyraea and M. Gillespieana) by the slight difl*erences in foliage 
mentioned in 1113^ ke}^ and more accurately b}" the difference in t3'i3e of 
pubescence on the staminate inflorescence. This latter character, although it 
can be observed only with a magnification of 25 times or more, is vein" con- 
stant and is probabl}^ the best means of distinguishing Jf. insularis. 

6. Myristica HYPARGYRAEA A. Gray, Bot. U. S. Expl. Exped. 1 : 33. 1854 ; 
A. DC. in DC. Prodr. 14: 194. 1856; Warb. Nova Acta Acad. Leop.-Carol. 
08: 479. pi. 18. 1879; Christophersen, Bishop Mus. Bull. 1.28 : 86. 1935. 

Tree to 10 m. high or more, the young parts faiiitl}'' puberulent, soon 
glabrescent, the branch lets sub terete, stout (2-5 mm. in diameter distally), 
pale brown to cinereous, at length lentieellate and rugose ; petioles rugose, 
1.5-5 mm. in diameter, 15-35 (-43) mm. long, shalloAvly canaliculate; leaf- 
blades thin-coriaceous, oblong or elliptic- or obovate-oblong, 12-35 (-45) 
cm. long, 4.5-14 cm. broad, rounded to subacute at base, cuspidate or obtuse 
at apex, slightly recurved at margins, olivaceous and shining above, some- 
what glaucous and smoothl}^ eeriferous beneath, the costa sharply raised 
above, prominent beneath, the secondary nerves 15-25 per side, spreading, 
straight, ascending and anastomosing toward margins, slightly impressed or 
faintly elevated above, strongly prominulous or prominent beneath, the 
veinlets usually obscure, sometimes faintly prominulous or impressed on 
both surf aces ; staminate inflorescences supra-axillary or arising from de- 
foliate branchlets, 10-40 mm. long, forked or oceasionally trifid (sometimes 
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simple, at least when young ) the peduncle 1.5-3 inm. in diameter, 7~20 mm. 
long, often persistentiy strig'ose, the secondary pediineles up to 5 mm. long’, 
sometimes essentially none, the rachises 3-4 mm. in diameter, eieatricose, 
piiberulent distally,' the bracts caducous ; flowers crowded distally on ra- 
chises, ferruginous-strigose (hairs 0.3-0.7 mm. long, simple or obscurely 
plumulose near base), the pedicels to 7 mm. long, the bracteole carnose, sub- 
orbicular, 3-4 mm. long, 4-5 mm. broad, rounded at apex ; perianth, carnose, 
eampanulate, at anthesis 5-6 mm. long and broad, the lobes 3, oblong-del- 
toid, 2.5-3 mm. long, 3-5 mm. broad, obtuse; androecium 2-3.5 mm. long, 
the stalk stout, glabrous, 0.5-1.3 mm. long, the anthers 7-10, 1. 5-2.3 mm. 
long, faintly exceeding the often apieally depressed connective ; fruits usu- 
ally solitary, the peduncle (combined with pedicel) up to 17 mm. long and 
4-5 mm. in diameter, often persistently piiberulent ; fruit broadly ellipsoid 
or nearly subgiobose, 28-40 mm. long, 24-30 mm. broad, rounded at both 
ends and usually apiculate at apex, persistently strigose or coiispieuously 
tomentellous, the perigarp 1-2 mm. thick, the aril copiously laeiiiiate into 
narrow lobes, the seed 21-34 mm. long, 18-25 mm. broad. 

BisfTihiiMon: Samoa and Tonga, at elevations up to 700 m. 

Samoa: U. S. Expl Expect (6H — type, NY, US); Whitmee (GH) ; 
Kuntze (NY) ; Horne 10 (GH) ; Vaupel 300 (NY), tutuila: above Naval 
Station, Christopher sen 996 (NY), upolu: Apolau, Beinecke 133 (US); 
above Malololelei, Christophersen 150 (NY, US), 314 (NY), savaii: near 
Samalaeuln, Christophersen 347 4h (NY). Tonga — tongatabu : Miia, Setchell 
(& Parks 15275 (GH, US), eua: Pcvrks 16160 (GH, NY, US). 

Common names: Atone, Atone ^ulu (Samoa). 

Christophersen has cited several additional Samoan specimens. The 
original collection is mentioned as from ''Tutnila and Savaii’’ and the 
species is said to be also from Tongatabu, but I have seen no Exploring 
Expedition material of the species from Tonga. 

7. Myristica Gillespieana A. C. Smith, Bishop Miis. Bull. 141 : 67. /. 32. 
1936. 

Tree to 20 m. high, the young parts soon glabrous, the braiiehlets terete, 
2-4 mm. in diameter distally, brownish, at length cinereous, rugose, and lenri- 
eellate ; petioles brownish or nigrescent, 2.5-4 mm. in diameter, 10-50 mm. 
long, shallowly canaliculate ; leaf-blades thin-coriaceous, oblong or obovate- or 
elliptie-oblong, 16-32 cm. long, 5-11 cm. broad, rounded or obtuse or faintly 
subcordate at base, obtuse or olitiisely cuspidate at apex, slightly recurved at 
margins, olivaceous or dark green above, somewhat glaucous and smoothly 
eeriferous beneath, the costa slightly elevated to prominent above, prominent 
beneath, the secondary nerves 18-26 per side, erecto-patent, straight, incon- 
spicuously anastomosing, faintly impressed or essentially plane above, 
sharpl}" raised beneath, the veinlets often obscure, faintly promiiiulous or 
slightly impressed above, immersed or faintly promiimlous beneath; stami- 
nate infiorescences siipra-axillary or arising from defoliate braiiehlets, (6-) 
10-30 mm. long, forked or oeeasionally trifid, the peduncle 3-4 mm. in diam- 
eter, iip to 10 mm. long, glabrous, the secondary peduncles up to 8 mm. long, 
sometimes essentially none, the raehises 3-4 (-5) mm. in diameter, cieatri- 
cose, puberulent distally, the bracts broadly ovate, small, cadneous; flowers 
crowded toward apices of rachises, densely ferrugiiious-tomentellous (hairs 
branched from or near base, tangled, not exceeding 0.5 mm. in length) , the 
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pedieels up to 6 mm. the braeteole ovate-deltoid, 3 -5 iimi. long, 4-() nmi. 
broad; perianth carnose, subglobose or broadly eainpaiiuiattv 3.5-0 iiim. long 
and broad, deeply cleft, the lobes 3, deltoid, 1.5-4 mm. long aiid lo'ocnl ; aii- 
droeeium 2-4 mm. long, the stalk stout, glabrous or ol)S(mrel\' stramisn^ous- 
strigillose, 0.5-1. 3 mm. long, the anthers 8-12, 1.5-2.7 mm. l{)ng, slightly ex- 
ceeding or essentially equalling the obtuse or apieaily de])ressed (‘oniiectiN'e ; 
pistillate inflorescence essentially similar, the ovary o^'oid, at aniliesis aixuit 
3 mm. long and in diameter, densely ferruginous-strigose (hairs about 0.5 
mm. long), the stigma glabrous, inconspicuously cleft; fruits solitary or 
paired (pedunele up to 8 mm. long and 10 mm. in diameter, the pedicad also 
stout, up to 15 mm. long), oblong-ellipsoid, 37-50 mm. long, 23-30 mm. 
broad, rounded to acute or gradually attenuate at base, rounded to subacute 
and apiculate at apex, closely ferruginous-tomentelious, the pericarp 1.5-3 
mm. thick, the aril finely laciniate, the seed 34-40 mm. long, 20-23 mm. 
broad. 

Disttihiifion: Fiji, at elevations up to 500 m. ^ 

Fiji — ^viti levu: Seeniami 6 (GH). kandavu; above Namalata and 
Ngaloa Bays, Smith 124 (GH, NY, US), moturiki: Siorch 866 (GH). vanua 
LEVU: Mbua, upper Ndama River vallev. Smith 1597 (GH, NY, US), koro : 
SmUh 946 (GH, NY— type, US), 1048' {GH. NY, US). Mx^latta, south of 
Vanua Mbalavu : Smith 1457 (GH, NY, US). 

Common name : 3Iale. 

In first describing this species, I cited only the type and the Seemaiin 
specimen, inadvertently referring the others to 31. casta neaefolia; subsequent 
study indicates that the two species are not closely related and that they can 
be readily distinguished even when sterile by examining the waxy lower sur- 
face of leaf-blades. 34. (jillespieana is less readily separated from the Samoan 
34. hypargyraea, doubtless its closest relative, but the characters of inflores- 
eence-tomeiitum and fruit-shape mentioned in the key seem sufficiently con- 
stant to permit the two species to be retained. 

8. Myristica Guillauminiana A. C. Smith, sp. nov. 

Arbor ad 25 m. alta praeter partes novellas puberulas et fructus glabra, 
ramulis siibteretibus rugosis crassis (apices versus 3-5 mm. diametro) demum 
conspicue lenticellatis ; petiolis rugosis 1.5-2. 5 mm. diametro 15-30 mm. 
longis canaliculatis ; laininis chartaceis elliptieo- vel obovato-obloiigis, 16-24 
cm. longis, 5-9.5 cm. latis, basi obtusis et in petiolum inconspiciie decurrenti- 
bus, apice obtusis vel obtuse cuspidatis, margiiie paullo undulato-recurvatis, 
supra olivaceis subnitentibus, plus miniisve concoloribus et subtus iiicoii- 
spieue et leviter ceriferis, costa utrinque prominente, iiervis seeundariis 
utrinsecus 15-18 erecto-patentibus paullo curvatis incoiispicue anastomo- 
santibus supra leviter impressis vel prominulis subtus valde elevatis, venulis 
inconspicuis supra paullo impressis subtus inconspicue prominulis ; fructibus 
supra-axillaribus vel e ramulis defoliatis orieiitibus solitariis vel binis, pe- 
dunculis crassis (5-6 mm. diametro) brevibus vel subnullis, pedieellis crassis 
ad 5 mm. longis primo puberulis mox glabris; friietibus subglobosis 27-32 
mm. (ad 45 mm. ex Kajewski) diametro manifeste circumcarinatis, utrinque 
rotundatis et apice conspicue apieulatis, pericarpio teniii ad 1 mm. erasso 
extra pilis brevibus plumulosis implicatis densissime ferrugineo-tomentello, 
arillo in lacinias paucas latas fisso, areolis magnis, semine subgloboso. 
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Distribiitm^ New Hebrides, known only from the type colleetion. 

New Hebrides — vanua lava, Banks group : Kajewski 422 (A — type, 
NY), eoinmon in rain-forest near sea-level (large tree 25 m. liigli; fruit 
brown, up to 4.5 cm. long and 4 cm. in diameter) . 

It is a pleasure to name this species in honor of Prof. A. Giiillaumin, in 
recognition of his valuable contributions to our kiicwledge of the flora of the 
New Hebrides. The specimen was mentioned by Guillaumiii (Jour. Arnold 
Arb. 13: 83. 1932) as Myrkiica aff. HoUrungii Warb., and indeed this may 
be its closest relative. Myristica Hollrnngii, however, in addition to having 
leaf -blades which are on the average larger and slightly thicker in texture 
than those of the new species, has fruits which are more elongate in propor- 
tion and glabrous at maturity. jWyristwa Guillaummiana is readily separated 
from ill GiUespieam by the proportions of its fruits and from i¥. hypar- 
gyraea by its thinner ^eaf -blades which lack the conspicuous glaucous coat 
of wax of the Samoan species. 

INSUFFICIENTLY KNOW^N SPECIES 

Myristica orandifolia A. DC. in DC. Prodr. 14 : 194. 1856; Seem. PL 
Vit. 205. 1867. 

Myristica 'macrophylkc A. Gray, Bot. U. S. Expl. Exped. 1 : 33. 1854 ; 
non lioxb. (1832) ; non Bentli. (1853). 

Myristica granclifolia is based on a single sterile specimen from Ovalau, 
Fiji (P. 8. Expl. Expect., US, type), which is to be compared with M. 
cast aneaef alia and M. macrantha. Prom the first of these it diifers by its 
tremendous leaves, which are reported to attain a length of 2| feet. Never- 
theless, it is entirely possible that leaves from a young shoot of M.. castaneae- 
folia are represented; Warburg (Nova Acta Acad. Leop. -Carol. 68: 494. 
1897) has discussed the specimen as a dubious synonym of this species. M. 
grandi folia differs from M. macrantha by having its leaf-blades tapering to 
an acute base, and I doubt if it can be referred to this species. Its true posi- 
tion can be established only by additional field work, which nia\' prove that 
a third species of this alliance is rej^resented. 

Myristica Hornei Warb. Nova Acta Acad. Leop.-Carol. 68 : 107, nomen. 
1897- 

This name is merely listed with a question by Warburg and apparently 
is not again mentioned in his work. It is likely that he liad in mind, as the 
basis of the name, Horne 966, which was later (p. 494) briefly characterized 
as a second species from Fiji (in addition to ¥. castaneaefolia) . The Horne 
specimen is referable to M. chartacea, but since Warburg has not definitely 
tied his name to this specimen, we may certainly continue to use Gillespie’s 
specific epithet and to treat M. Hornei as a noinen nudum. 

Arnold Arboretum, Harvard UNi\ni:RsiTY, 

Jamaica Plain, Massachusetts 



FOREST REPLACEMENT RATES IN THE COLORADO 
HEADWATERS AREA^ 


Ronald L. Ives 

Field studies in the Colorado Headwaters area, largely in Grand County, 
Colorado, near latitude 40°, between the elevations of 8,000 and 11,000 feet, 
aiigniented by studies of numerous photographic colleetions, iiieluding tliose 
of the U. S. Geological Survey and of the University of Colorado Museuiii, 
supply quantitative data eoncerniiig replacement of bunied-off evergreen 
forest in this high-altitude environment. 

The normal evergreen forest in parts of this area was burned off during 
Indian troubles in 1862 and 1863; this created larg# areas of fire slash, in 
a few of which even the soil was destroyed down to bedrock. 

Photographs taken in 1872 by William H. Jackson, official photographer 
for the Hayden expedition,-' show many of the hre-damaged trees dead and 
barkless, grass growing in the charred soil, and brushy growths springing 
up in especially favored locations. 

Between 1872 and 1887~8, when the next series of clear photographs 
was taken, many of the fire-killed trees had fallen; aspen, the normal 
replacement growth, was well established, and in a few places overtopped 
the dense brush that had grown up since 1872. 

Since 1898, the area has been photographed many times. Pictures taken 
during the decade of 1898-1908 show a rapid crowding out of brushy 
growths by aspen, which reached its maximum height and density, in normal 
areas, by about 1915. Small evergreens are detectable in several photographs 
taken as early as 1900, and by 1920 evergreens just overtopped aspens in 
many locations. 

Many of these old fire scars, in photographs taken about 1920, show an 
aspen forest containing patches (up to 40 per cent) of evergreen. By 1935 
evergreen definitely predominated (60-h %), and by 1940 the forest in these 
old fire scars was almost entirely evergreen, with aspen present only where 
evergreen growth was inhibited, as by solifiuction or rapid sedimentation. 

1 Field studies supported in part by grants from the Penrose Fund of tlie American 
PMlosopliical Society. 

2 Many of these photographs, in excellent condition, are in the hies of the IT. S. 
Geological Survey. Others are in the Ford Museum, at Dearborn, Michigan. An extensive 
collection of William H. Jackson’s ];)rints is in the Denver (Colo.) Public Library. Ad- 
ditional data may be found in ^ ^ Time Exposure, ” by William H. Jackson (Putiiain, 
New York, 1940)*. 

3 These photographs„in private collections at Grand Lake, are dated, but not signed. 

4 These data are from the Brackett, Henderson, and Tangen photographs, most of 
which are now in the University of Colorado Museum. 
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Cuttings from »evei,.l evergreens in these okl fee sears m.lieate ages 

^ i,. wh,e>, .he evergr.e„ forest a,, des.roved the Id.iO’s 
„„a again eontain evergreen torast, they are still e.sdy reeogn, sable, or 

“replacement” everoTeen forest is composed of younger tiees tlmn tlie 
“residual forest.” In consequence, the okl scars are visible as areas ot 
definitely smaller trees. Trees in the residual forest have ages up to 3o0 years, 

as deteriiiiii<3cl by ring* counts. ^ 

Prom these data, the following replacement rates, ni terms ot years 

since forest destruction, are indicated for this area: ^ 

Maximum brush growth 25 

Maximum aspen growth 40 years 

Aspen largely eliminated 65 ;\ears 

Complete elimination of sear 300 r years (estimated 

Where water supply is abnormal, whether too great or oo slight, 
exposure is great, or soil is unstable, rates will be slower, bo tar as can 
be determined from this evidence, which is based on I'^-itber 

than on “tree counts,” transitions from one state to another are rather 
abrupt each crowded-out community disappearing rather rapidly once it 
is overtopped by the next member of the replacement sequence 

Piirther studies of this type, in areas where old pliotog’raplis are aA aih 
able, such as those deforested during the Civil' AA"ar, should produce addi- 
tional data concerning replacement rates. _ ^ 

Photographs now being taken by the U. S. Forest^ bervice and other 
organizations should supply much similar data in the future, particularly 
when the dates and locations are plainly marked on the negatives. 

Boulder, Colorado 



CACTI OF THE CANYON OF THE COLORADO RIVER AND 

TRIBUTARIES^ 


Elzada it. Clo^-er and Lois Jotter 
(with eight figures and a maf)‘^ 

The Canyon, of the Colorado has been known to geologists since the time 
of Ives and Powell, but, except for a restricted section im^luded in the Grand 
Canyon National Park, little or no botanical work has been atltmipted before 
the iireseiit investigations. 

This paper is the result of field studies, the first rnade during the siimrner 
of 1938 on the Nevills Colorado River Expedition. The partv traveled in 
small boats from Greenriver, Utah, to Boulder Dam, Nevada. Tlie manner 
of travel made it impossible to collect cacti in quantity, since tliey are bulky 
whether obtained living or dry. All species observed were collected, some 
several times, and detailed notes were taken throughout the canyon. 

Two stops for supplies were made during the 666 mile journe.y, at Lee’s 
Perry and at Grand Canyon. Here plants, which had been carried in closed 
hatches, were sent back to the University of Micliigan Botanical Gardens. 

A second expedition was made by the senior author the folloAcing sum- 
mer. This included trips on .horseback and on foot down the Kaibab Trail in 
Grand Canyon to the Colorado; into the Rainbow Bridge area, southern 
Utah ; and Plavasupai Canyon, a tributary of the Colorado. The Park Service 
at Lake Mead made it possible to go to the head of the lake. Collections were 
made at selected locations from Separation Cainmn to Boulder Dam. 

Again, it was not possible to repeat collections to any great extent, but 
accurate information on distribution was obtained. Chiefly plianerogamic 
flora was studied, and herbarium specimens were collected on both of these 
expeditions. A complete report, giving an account of the history, geology, 
and topography of the Colorado River region, and iiicluding a list of col- 
lected plants, will be published in the near future. 

The expedition of 1938 was financed in part by a Rackham Faculty Re- 
search Grant and in part by Edgar J. Marston of Colorado Springs, 
Colorado. 

The extremely high, often sheer walls, and the scouring action of the 
water increase the problems of migration of plants up the floor of the Can- 
yon. The seeds of cacti are not adapted for wind dispersal, so that distribu- 
tion must be accounted for in other w^ays. Some species, especiariy Opuntia 

1 Paper No. 729 from the Department of Botany and the Botanical Gardens, Univer- 
sity of Michigan. 

2 Plate 1 is published at the expense of the authors. 
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acanthoearpa and 0. Bigelovn, grow high on the walls and may be seen in 
ereviees or pockets in the rock to within 100 or 150 feet of the canyon floor. 
Joints readily break otf and probably fall over the rim, and take root if 
given an opportunity. Run-off water plays a part in bringing the joints 
lower in the canyon. None of the Cylindropuntiae is found on the lower talus 
or near the water. 

The Echinocerei, especially E. EngdmannU, are found frequently on low 
ledges and talus, and some may be seen higher on the walls, showing' as they 
always do a preference for limestone. It is noticeable that the caespitose forms 
have fewer stems than those up on the desert. The extreme heat on the rock 
walls and a lack of soil may cause sparsity of growth. Many plants have 
great difficulty in surviving these extreme conditions. This is evidenced 
by withered and dying cacti on dry ledges. It is interesting to note that the 
same species may also languish among boulders on deltas and sandy shores. 
Here is a case where drought vies with flood waters in exterminating plants 
struggling for existence in a trying situation. Flood waters bring plants down 
side canyons and farther into the gorge of the Colorado where they lodge 
between boulders and, often half -buried, take root. Opunfia hasilaris and 
others belonging to this series are the only species found near the water's 
edge. In normal desert habitats they may be found both at high and low alti- 
tudes and in the shade of shrubs and trees, as well as among the rocks in the 
hottest possible places on the desert. The growth in canyons is .much less 
luxuriant, consisting often of only two or three joints. This may be accounted 
for to some extent by the fact that stems are torn apart by floods or by land- 
slides. These joints take root and barely become established before they are 
again uprooted. 

In contrast, a permanent delta at Nankoweap Rapids (above Bright 
Angel Creek) supports an abundant and vigorous association of Opuntia 
polyacantha^ 0. hysiricina, 0. phaeacmitha, and Eckinocereus Engelmannii 
(fig. 1). These, with mesquite and Acacia, form a typical desert scrub cover- 
ing. The many boulders strewn over this area afford protection to plants 
until they gain sufficient foothold to withstand the wash of flood waters, 
which in so wide a space cannot be deep and swift. 

Certain sections in Havasupai Canyon are particularly favorable to the 
growth of certain cacti. Supai shale is very productive, and in places Opim- 
iiae flourish almost to the exclusion of other plants. 

The flora of the canyons studied is typical of the Sonoran zone, as defined 
by Merriam. An arm of the Upper Sonoran extends north from Lee's Ferry 
along the Colorado River and for some distance up such tributaries as the 
San Juan River and Forbidding Canyon. Atriplex canescens and Salix 
exigua are typical Upper Sonoran species and cacti associated with them 
include Opimtki polyacantha and Echmocereus oeiacarctlms. 
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At Lee’s Ferry the Colorado flows southwest into deeper canyons where 
the iiiiier and warmer portions of the gorge support a Lov’er Sonoran flora. 
Prominent in the vegetation of this area are mesqnite. Acacia^ and creosote 
bush. Although the last species is recognized as typically Lower Sonoran, it 
is not common above Lava Palls. Creosote bush (Larrea) apparently requires 
a higher temperature than those species found in the northern reaches of 
this zone. Ferocactus acanthodes (fig. 3) and PheUospemia fetrancistra are 
commonly found in the Lower Sonoran, and the latter occurs northward as 
far as Rainbow Bridge. 

When a southern species is reported over two hundred miles beyond the 
northern limits of its range, it is possible that a thorough search on the 
desert would show a more or less continuous distribution. 

Conditions seem to be unfavorable for the Coryplmnthae although mem- 
bers of this genus are abundant in other parts of the Lower Sonoran. Most 
western species require a relatively high altitude, which may account for 
their complete absence here. 

EcJiinocactus polycephaluB Engelm. & Bigelow. Usually in clumps of 
from several to many rounded heads. Occasional on the Bright Angel shale 
in Spencer (4446) and Separation Canyons. Undoubtedly scattered on walls 
of Lake Mead to some distance below^ Pierce Ferry (4447) where it is found 
infrequently. Commonly associated wdth Ferocactus acanthodes but not 
extending so far north. (Pig. 2.) 

Distri4)iiMon : Southern Nevada, California, possibly in extreme southern 
Utah, western Arizona, northern Sonora and reported from Lower Cali- 
fornia. 

Eclvinocereiis acifer (Otto) Lemaire? Caespitose, sometimes solitary, 
erect, stem bright green, spines brown. There is a possibility that this is a 
new species. It fits the description of E. acifer very well (floAcers have not 
been obsein^ed) , but is entirely out of the reported range. Fairly eomiTion on 
limestone ledges above the river in Narrow^ Canyon near the mouth of the 
Dirty Devil River (2184). 

Distribution: Durango and Coahuila, Mexico; NarroAA^ Canyon, Canyon of 
the Colorado, San Juan Co., Utah. 

Echinocereus act acanthus (Miihlenpfordt) Britt. & Rose. Growing on 
limestone ledges. Mouth of the Dirty Devil River (2184 A) ; Surprise Valley; 
RainboAV Bridge; Yasey’s Paradise; above Bright Angel in Grand Canyon; 
Hermit Creek (2303); two miles above Bass Cable (23 17 A) ; and Elves’ 
Chasm. This represents a considerable extension of range. 

Distribution: Northwestern Texas; and reported from New Mexico and 
Utah. 

Echinocereus coccineus Engelm. This species is often confused wuth E. 
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fig. 1. Well-established association including Opuntia pdlyacantha, M^mocereus 
’Sngehmnnii, and Acacia Greggii growing on the right of the ° 

ianids Fig. 2. EcMnocactus polycephahis; occasional on steep talus in Lowei biaid 
^n!rvon PiG 3 Habitat of Feroeactus acanthodes near beparation Canyon , 

.ittln .1» C.m,v.. .« «» Oo,c™d„ ...i P„. 4. 

EcJiinocereus canyonensis; occasional at Bass Cable on a limestone outer op. 


octacanthus although they are very distinct. Occasional from Narrow Can- 
yon {2186) to Lake Mead. 

Distril)ufion : New Mexico and Arizona to Utah and Colorado. 

Echinocereus Engehnannii (Parry) Riimpler. More abundant in the 
Canvon than anv other species. It appears well able to adapt itself to difficult 
situations. Often found clinging to rock ledges hundreds of feet above the 
floor of the Canyon, probably started from seeds which fell over the rim. 
This species is also found on steep talus slopes, on limestone ledges above the 
river, and on boulder-strewn deltas of side canyons. Collections and plants 
noted at the following locations : Mormon Trail in Glen Canyon; m the can- 
yon of the San Juan River ; Rainbow Bridge ; Lee’s Ferry ; President Hare - 
ing Rapids; Havasupai Canyon (4334) ; Nankoweap Rapids; 205 Mile Can- 
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yon ; Spring' Canyon; Diamond Creek; Separation Canyon; Spencer Can- 
yon; Qiiarterinaster Canyon; Boulder Dam. (Map, plate 1.) 

Distribution: California, Nevada, Arizona, Utah, north ern Mexico and 
LoAver California. 

Echinocereus Fendleri (Engelm.) Riiinpler. This is a variable species 
Avitli spines ranging from :j: inch to 3 inches in length. Onh' the long-spined 
form was found in the Colorado River region. It ivas first seen in Marble 
Canyon on an extensive talus at President Harding Rapids (2281) ; Saddle 
Canyon; Granite Rapids; Elves’ Chasm; HaATisupai Canyon; usually asso- 
ciated with E. Engelmannvif never abundant. 

Distribntion : Texas, Utah, Arizona, Sonora, and Chihualiua. 

Echinocereus mojavensis (Engelm. & Bigeloiv) Britt. & Rose. Occasional 
on talus and limestone or sandstone ledges. Hell Rocfring Canyon (2112) ; 
Dark Canyon; President Harding Rapids; Yasey’s Paradise; Spencer 
Can,yon ; Separation Canyon. 

Distribution : Southeastern California, Nevada, Utah, western. Arizona. 

Ferocactus acanthocles (Lemaire) Britt. & Rose. First seen 26| miles 
beloAV Lee’s Perry (2239) ; Vasey’s Paradise on talus (2271) ; Mile 39 below 
Lee’s Perry; President Harding Rapids (2272); Saddle Canyon; Granite 
Rapids; Bass Cable; Elves’ Chasm; common at Conqiiistadore Aisle and in 
HaA^asupai Canyon ; very common at LaAui Palis (2371) ; Separation Rapids ; 
Spencer Canyon (426 3 A) ; Emery Falls (4254). These plants are usually 
found on steep talus slopes, apparently coming into the eanyon over the top, 
judging from their oecurrence high on the Avails. As the Avater rose in Lake 
Mead many of these large plants Avere submerged, and may be seen floating 
in the Avater ; others are entirely covered except for an inch or tAvo of bris- 
tling spines. (Map, plate 1.) 

Distribution: Southeastern California, northern LoAver California, southern 
NeAmda, southern Utah and northern Arizona. 

Opuntia Whi/pplei Engelm. & BigeloAv. Never abundant but occurring on 
upper talus and on ledges. Vasey’s Paradise on steep talus near gushing 
spring; Upset Rapids; two large clumps found on talus near AYalthenburg 
Rapids; Diamond Creek on ledges; 192 Mile Rapids; Havasupai Canyon 
(Garcl. 17165'^). Pound doAvn Huai apai Canyon to Havasupai and on to the 
Colorado. 

Distrihiitw^^^ Northern New Mexico and Arizona, southAvestern Colorado, 
and southern Utah. 

Opimtia tetracantha Tourney. Single specimen found groAA'iiig in sand 
about tAVO hundred yards up Diamond Creek (2402). It is difficult to explain 

2 Here and in following paragraphs this abbreviation, refers to the number assigned 
to a plant in the University of Michigan Botanical Gardens. 
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its preseiiee here, since the reported range is only in the vieinity of Tucson, 
Arizona. 

Opimtia acanthoearpa Bngelm. On higli ledges and talus from Hava- 
siipai Canyon to Boulder Dam. Boulder Dock (4180); 217 Mile Canyon; 
Diamond Creek (2396) ; Quartermaster Canyon (4277). 

Disirihuticm : Southern Utah, Arizona, California. Reported from Sonora. 

Opuntia echinocm^*^^^^ Bngelm. & Bigelow. Fairl}" common on steep talus 
and rock ledges, Spencer Canyon (4450). 

Distribution: Nevada, Utah, Arizona, California, and Lower California. 

Opuntia BigelovU Engelm. Found from 205 Mile Canyon (below Lava 
Falls) to Spencer Canyon. This stretch is considerably south of any other 
part of the river. 205^Mile Canyon (2388) ; Diamond Creek; Quartermaster 
Canyon; Spencer Canyon. 

Distribution : Central and southern Arizona and California, northern Lower 
California and northern Sonora. 

Opuntia molesta Brandegee. Diamond Creek (Gard. 16850). This is an 
extension of the range, which may be accounted for by the fact that the genus 
Opuntia is not well understood and that the area is not well collected. 

Heretofore reported only from Lower California. 

Members of the series Basilares occur at inteiwals from Cataract Canyon 
just below the confluence of the Green and the Colorado Rivers to Boulder 
Dam. Most of those in the upper Canyon are small and variable. Their exis- 
tence seems to be precarious since they are usually found half-buried in sand 
or lodged between boulders. Occasional plants may be found at the base 
of the steep talus a short distance above the river. 

Opuntia basilaris Engelm. & Bigelow. Usually rare, and high up on 
ledges. Mile 264 in Marble Canyon; abundant near Vasey’s Paradise; Mile 
39 below Lee’s Ferry; Diamond Creek; Spencer Canyon (4440); Separa- 
tion Rapids ; Boulder Dam. 

Distribution : Northern Sonora, western Arizona, southern California, 
Nevada, and Utah. 

Opuntia basilaris Engelm. var. This plant differs from 0. basilaris in 
having smaller, narrow joints branching from the base, and extremely small 
areoles. It answers the description of the liortieultural variety nana, as given 
by Borg. Spencer Canyon (4248). 

Opuntia braehyclada Griffiths. Small and eaespitose, this species does not 
produce the broad clumps in the canyon which it does in southerii Utah. 
Mile Rapids, Cataract Canyon (2111) ; and Forbidding Canyon (2404), 
Utah. 
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DistrUjution: Southern Utah, and Mescal Canyon, San Gabriel Cali- 
fornia. 

Opu nt ia a urea Baxter. Althoiigli this is considerably out of the ran ye and 
habitat as described by Baxter, the plant appears to belony here. Indian 
Gardens, Grand Canyon, Arizona (4165). 

Distribution : Both sides of the Arizona-Utah line near the Kaibab Indian 
Reservation and west to the lower slopes of the Sierras, near Bishop, Cali- 
fornia; south to near Silver Lake, San Bernardino Co., Califoinia. Reported 
also from Cane Beds, Pipe Springs; between Zion Park and Mt. Carinel ; and 
south on the road to Kanab, Utah. 

Opuntia Vaseyi (Coulter) Britt. & Rose. Several spreading plants grow- 
ing on a liiiiestone outcrop two miles above Bass Cable (2318). This is 
another species with a peculiar distribution. Hitherto it has been reported 
only from San Bernardino, San Diego and Orange Cclinties, California. 

Opuntia phaeacantha Engelm. Variable species found oeeasionally in 
Marble Canyon and Grand Canyon. Vasey’s Paradise on dry talus near 
gushing spring (Gard. 16871) ; Nankoweap Rapids (2273) ; President Hard- 
ing Rapids; and Indian Gardens on the Bright Angel Trail (4167). 
Distribution: West Texas to New Mexico, Arizona and northern Mexico. 

Opuntia Engelmanmi Salm-Dyck. A large species with a more southern 
range than many of this genus; found usually in undisturbed areas where 
typical desert vegetation is well established. Two miles above Bass Cable 
(2316) ; listed at President Harding Rapids; Kw^agunt Rapids; below Saddle 
Canyon; very abundant at Granite Rapids; Elves ^ Chasm; Havasiipai 
Canyon. 

Distribution: Texas, New Mexico, Arizona, Durango, Chihuahua, and 
Sonora. 

Opuntia mojavensis Engelm. Rather common in Havasupai Canyon on 
top of the red wall limestone below the Bright Angel Shale ; common on the 
flat above Bridal Veil Falls (4438; Gard. 17169). Hitherto reported from 
southern California, southern Utah, and western Arizona. 

Opuntia laevis Coulter. Below Granite Rapids (left bank) among 
boulders ( Gard. 16851 ) . 

Distrilmtion: Southern Arizona, abundant in the mountains about Tucson. 

Opuntia chlorotica Engelm. & Bigelow. Occasional near Lee’s Perry 
(4335); Nankoweap Rapids; two miles above Bass Cable (2316); Hava- 
supai Canyon (4441). 

Distribution: Both sides of the Colorado from the San Francisco Mts. to the 
headwaters of the Williams River and to Mojave Creek, Arizona; southern 
Utah, New Mexico to Nevada, California, Low^er California, and Sonora. 

Opuntia erinacea Engelm. An attractive sjiecies conspicuous for long, 
white, often liair-like spines; found commonly from lower Glen Canyon to 
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upper Lake Mead. Forbidding* Canyon (2404) ; Nankoweap Eapids on tlie 
Yer.v dry areas awa^^ from the river; Havasupai Canyon (4484) on Snpai 
formation above Bridal Veil Falls; listed at Bass Cable and Separation 
Eapids: , 

Disfrihutiofi: Noi4hw Arizona, southern Utah, southwestern Colorado, 

southern Nevada, and eastern California. 

Opiintia Jiystricina Engelni. & Bigelow. A doubtful specimen was found 
at Hell Roaring Canyon, growing with 0. These two species 

somewhat resemble each other and the collected specimen may be an unusual 
form of 0. rhoclantha (2081); Forbidding Canyon on sand 'thills” and 
ledges (2401). A robust form was found at Lee’s Ferry on a rocky hillside 
near the Colorado. The joints were f inch thick with refiexed flattened strong 
spines (4333). E. Nelson first reported a form collected here in 1909. 
Also seen at Saddle Canyon; Nankoweap Rapids; and Havasupai Canyon. 

: New Mexico, Arizona, and Nevada. 

Opiintia rhoclantha Schumann. This species is fairly common along the 
Green River and the upper Colorado. Hell Roaring Canyon (2078, 2079, 
2082, 2100) ; Lee’s Ferry, on rocky hillside near the Colorado (4500). 

Dktrihition: Northern Arizona, Utah, Colorado, western Nebraska. 

Opiintia polyacantha Haworth. A widespread species of varying forms. 
Near Greenriver, Utah (1990, 2016, the latter a red-flowered, form) ; Mile 84 
on the Green River; abundant at Hell Roaring Canyon,; Cataract Canyon; 
Forbidding Canyon; Lee’s Ferry, Tanner Rapids; in Grand Canyon at Presi- 
dent Harding, Nankoweap, and Kwagunt Rapids; Hermit Creek; Granite 
Rapids. (Map, plate 1.) 

Distrihiition: North Dakota to Nebraska, northwest Okiahoma, west Texas, 
Arizona, Utah, Washington, and Alberta. 

Phellospernia tetrancistra (Engelm.) Britt. & Rose. This genus appears 
first at the mouth of Forbidding Canyon, near Rainbow Bridge ; Mile 264 in 
Marble Canyon (2240) ; Vasey’s Paradise; Saddle Canyon; Granite Rapids; 
Bass Cable; Elves’ Chasm; Havasupai Canyon (4442); Diamond Creek; 
Separation Canyon (4247) ; Spencer Canyon; Emery Falls (4287). 

Bisiribuiion: Western Arizona, southeastern California, southern Utah, 
southern Nevada and probably northern Lower California. 

Scleroeactus Whipplei (Engelm. & Bigelow) Britt. & Rose. On the Green 
River at Mile 84 ; Hell Roaring Can^mn. 

/I ; Southeastern LRah and western Colorado. 

Scleroeactus polyancistnis (Engelm.) Britt. & Rose. Below Mile Rapid 
(2113) on hot canyon wall. The fruits of this specimen were pink instead of 
magenta as described. 
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Echinocereus decumbens Clover and Jotter, sp. iiov. Cyliiidrii'iis 
simplex, deciimbens, ramis lateralibus reete divero'entibus ; eoslis 10, ])romi~ 
iientibiis, luteo-viridibus, siibcreiiatis ; areoleis 1-1.3 cm. inter se dist;:Udibns, 
rotiindis; spinis • lateralibus radiatis 11-12, acieiilaribiis, ineqiialibus, siipe- 
rioribus quam inferioribus brevioribus 5-10 mm. longis, porreetis albis, apice 
fiiscis; centralibiis 2-3, basi bulbosis, siibeompressis ; 2 siiinmis 1-1.5 cm. 
longis, aseendentibus ; 1 inferiore, 2-3 cm. loiiga, deeurvata. Typus (Clover 
ef Jotter 2212) vivus ex loco dicto ^‘Marble Canyon’’; fliim. Coloradeiisi, 
conservatus est in Horto Botanico Uiiiversitatis Micliiganensis. 

Decumbent, branching at right angles; ribs 10, yellowisli-gTeen, promi- 
nent, tubercles not prominent; areoles 1-1.3 cm. apart, circular, filled •with 
tawny wool when young, iiakecl in age. Radial spines 11-12, unequal, shorter 
in upper part of areole, 5-10 mm. long, spreading, white, tipped with red- 
brown, acicular ; centrals 2-3, somewhat flexible, bulbous at the base, slightly 
flattened, red-brown when young, rose-color to whitish in age. Two upper 
centrals pointing up and outward, 1-1| cm. long, Ipwer central strongly 
deflexed, 2-3 cm. long; type on limestone ledge 30 feet from the river’s edge 
and at the base of a rocky talus at Mile 16-|, Marble Canyon, Coeonino Co., 
Arizona (Clover and Jotter 2212). Living specimen at the Botanical Gardens 
of the University of Michigan, Ann Arbor, Michigan (Gard, 16870. Pig. 7). 

Echinocereus canyonensis Clover and Jotter, sp. nov. Caespitosus, 15- 
20 cm. altus, 4.5-5 cm. erassus, costis 12-13, cyanei-viridibus, obtusis; areolis 
rotundis, remotis, inter se 1.5 cm. distantibus, jiiventate fiilvis, tomentosis, 
aetate nudis; spinis 10-12 lateralibus radiatis, acicularibus, 5 mm.-2.5 cm. 
longis, rigidis ; centralibus plerumque 4, basi bulbosis, f uscis vel nigris, aiigu- 
laribus vel compressis, luteis, saepe maculis purpureo-bruneis variegatis; 
spinis vetustioribus cinereo-roseis vel purpureo-roseis, porreetis, inferioribus 
uncinatis, 2.5 vel plerumque 4.5 cm. longis, superioribus 1. 5-2.5 cm. longis ; 
floribus in summitate solitariis, parvis sanguineis, 5 cm. longis, 4.3-4.5 cm. 
crassis ; bracteis rubris 2 mm. longis ; areolis albis, lanatis ; spinis quam 1 cm. 
brevioribus, apice roseis ; segmentis biseriatis, angustis, viridescentibus basi, 
5 mm. crassis, apiculatis; stylo virideseenti, stigmatis lobis viridihiis 8, 
plerumque 6 mm. longis ; filamentis viridibus vel sursiim rubri-purpiireis ; 
antheris rubri-purpureis ; fructibus ignotis. Typus (Clover et Jotter 2317) 
vivus ex loco dicto '^Hermit Creek,” flum. Coloradeiisi, Coconino Co., Ari- 
zona, conservatus est in Horto Botanico Uiiiversitatis Micliiganensis, Ann 
Arbor, Michigan. 

Caespitose, 12-15 stems, 15-20 cm. tall, 5 cm. across, blue-green, ribs 12- 
13, obtuse ; areoles remote, 1.5 cm. apart, circular, filled with tawny wool 
when young, naked in age ; radial spines 10-12, acicular, somewhat flattened, 
yellowish when young, darker at tips, becoming dirty white to purplish in age, 
pectinate to spreading, irregular in length, 5 mm.-2.5 cm. long (comrnohly 
1.5 cm.), rigid; centrals mostly 4, darker and stronger than the radials, bul- 
bose at the base, angled below and flattened toward the tip, young spines 
yellowish, mottled with dark browui above, light beneath, porrect, low^er one 
somewhat deflexed, upper centrals 1.5-2.5 cm. long, lower one 2.5-4.5 cm. 
long. Flower buds appearing at upper part of areole, flowering February 22 
and remaining open five days; flowers 5 cm. long, 4.3-4.5 cm. across, areoles 
on ovary about 1 cm. apart, bracts reddish, 2 mm. long, areoles white w^ooly, 
spines short to 1 cm. long, white, sometimes pink-tipped; petal-like part of 
perianth in two whorls, segments very narrow^ greenish at the base, scarlet 
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I-IG, 5. EcMnocereus oanyonensis. Pig. 6. Opnntia longiarcolaia ; rare on 
Granite Rapids. Fig. 7. EcMnocereus decumhens; single specimen, \ei} difteiuit 
Sit from' 1 other Ecr,.ocere.s in the Canyon. Fig. S. mer^actus parnfloru.; 
abundant in lower San Juan Canyon and in restricted areas in Glen Canyon. 


toward tlie tip, apiculate ; style greeiiish, stigma lobes 8, bright g'l^eu, 6 mm. 
long; stamens reaching to base of stigma lobes, filmiieiits 
dish-purple above, anthers reddish-purple. Type 

collected in a sandy pocket on a steep hmestone outcrop 100 j aids ti i 
river, Bass Cable below Hermit Creek Rapids, Grand Canyon, Coconino C., 
Arizona. Locally abundant. Living specimen in the Botanmal Gardens (Gm «■ 
16846 ) , University of Michigan, Ann Arbor, Michigan, (h igs. 4, o. ) 

Opuntia longiareolata Clover and Jotter, sp. iiov. Humilis, articulis 
spathulatis, glaucescentibns, pubeseentibus, adseendentibus e basi prolileris; 
folds siihulatis minutis, depressis, viridi-rubellis, eurvatis ; areolis ^™roii- 
fertis, depressis albo-tomentosis, setis numerosis b^'evibus, roseis vei stra- 
niineis, lana cireiimdatis, demum niidatis; floribiis igiiotis. Typus ( 
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Jotter 2302) vivus ex loco “Granite Rapids,” fliim. Coioradeiisi, Coconino 
Co., Arizona, dieto eonservatns est in Horto Botanieo {Gard. 16852) Uni- 
versitatis Micliiganensis. 

Plant belonging to the Series Basilares; joints few, braneliiiig finiii llie 
base and also from top and sides of joints; joints tomentose, elongalj^l, 10- 
12 em. long and 4.5 ein. across, spatliulate; areoles 8-10 min. apai't, (Oi-fnilar 
on very young joints, these filled with -white wool entirely surromidiiig tlie 
pinkish to straw-colored gloehids ivliieh are early-deciduous, areoies \'ery 
soon becoming much elongated, 3 mm. long and 1 mm. wide ; leaves 4 nnii. 
long, green with burgundy tip, curved, awl-shaped ; old joints becoming pale 
yellow-green in contrast to the deep blue-green of young ones. Type {Clover 
and. Jotter 2302) grooving at base of steep talus, near water’s edge, Granite 
Kapids {Gard. 16852), Grand Canyon, Coconino Co., Arizona. (Fig. 6.) 

Sclerocactus parviflorus Clover and Jotter, sp. nov. Simplex eylindricus 
ereetus, vel curvatus, 1-4.5 dm. altus, 6-9 cm. crassus; areolis orbiciilatis ; 
eostis 13, tuberculis promiiientibus ; spinis 14-15 ]atcY*alibus, radiatis, com- 
pressis, siiperioribus quam inferioribiis brevioribus, 3.4 em. longis, apice 
adustis ; spinis centralibus 3 angulatis, summa singula triquetra, alba apiee 
adusta, plerumque curvata, flexuosa, 5-6 cm. longa, asee.ndenti ; inferioribiis 
triquetris vel quadrangulatis, purpureofuscis, 6-7.5 cm. longis, uncinatis, 
decurvatis; lateralibus 2 purpureo-fuscis, 5.5-6 cm. longis, porrectis; fioribiis 
in axillis summis solitariis, parvis, 2.5 cm. longis, 2 cm. crassis, exterioribus 
in media parte atropurpureis, marginibiis et apiee seariosis ; interioribus pur- 
pureis, segnientis crassis, 2-seriatis, apice acuminatis, erosis ; stylo purpureo- 
rubro, stigmatis lobis 10, filamentis viridibus, numerosis, delicatis, antheris 
luteiaurantiaeis, quam stylo brevioribus; fructibus siceis. Typus {Clover et 
Jotter 2398) vivus ex '^Forbidding Canyon,” flum. Coloradensi, Coconino 
Co., Arizona, dieto co,nservatus est in Horto Botanieo {Gard. 16815) Ilniver- 
sitatis Miehiganensis, Ann Arbor, Michigan. 

Plants solitary, oblong, tapering slightly toward the tip, 1-4.5 dm. high ; 
ribs 13, strongly tubereulate ; areoles 1.5 cm. apart, sub-circular, plant en- 
tirely covered by a dense mass of long, curved and twisting spines ; radials 
14-15, wdiite wdth dark tips, much flattened, heavier and longer, 3.4 cm. in 
the lower part of the areole, central spines 4, the upper one white to horn- 
colored, tipped wdth red-brown, 3 angled, flexible, 5-6 cm. long, pointing 
upwmrd, the lowmr central 3-4 angled, 6-7.5 em. long, pointing downward, 
the two lateral centrals 5.5-6 em. long, slightly ascending; all centrals except 
uppermost reddish and curved or hooked. Flow^ered April 17, remaining open 
for three days; bud conic, brownish ; flower 2.5 em. long, 2 cm. across; outer 
perianth segments phlox-purple, in 2 whorls of 8 segments each ; these broad 
with erose margins, acuminate, tube scarcely present ; style purplish, stout, 
longer than the stamens, stigma lobes 10, flattened below^, curving outwnrd, 
1.5-2 mm. long, amaranth purple ; stamens bright orange-yellowy filaments 
green, very delicate ; fruit unknown. Type collected at the mouth of For- 
bidding Canyon in Glen Canyon above Lee’s Ferry, Canyon of the Colorado. 
Abundant 20 miles above Moki Creek, and fairly common at intervals along 
the lower San Juan Eiver (plate 1). Living specimen {Clover and Jotter 
2398) at the Botanical Gardens {Gar cl 16844), University of Michigan, Ann 
Arbor, Michigan. (Fig. 8.) • 

' University op Michigan 
Ann Arbor, Michigan 
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A CYTOLOGICAL STUDY OF CARTERIA CRUCIFERA^ 

Virginia Akins 
(with thirty-nine figures) • 

The genus Carteria was named by Diesing (1866),5whose type species was 
C. corcliformis, previously described by Carter (1858) as Cry 'ptoglena eord/i- 
formis. The original description of the species used in this study, Carteria 
crucifera Korshikov, is apparently that given by Pascher (1927) , since no 
description by Korshikov has been found prior to that included in his 
Volvoeineae” (1938). It is probable that Pascher obtained the description 
from Korshikov by private communication. 

Kofoid and his students have shown that centrosomes and a neuromotor 
apparatus occur in many animal-like flagellates. Reports of similar struc- 
tures in the plant-like flagellates have been viewed with skepticism by phy- 
cologists because of the incomplete and contradictory evidence. C. criicifera 
was selected for study for two reasons. First, it had been suggested that there 
might be a correlation between the double number of flagella in Carteria and 
the number of chromosomes. Since the chromosome number had been re- 
ported for several species of Cklamydonionas, there was a basis for an 
approximate comparison. Secondly, the position of the pyrenoid anterior 
to the nucleus reduces the danger of mistaking the narrow layer of cytoplasm 
between the contractile vacuoles for a rhizoplast. 

MATERIALS AND METHODS 

The strain of Ca/rteria crucifera used for this study was isolated in 1927 
by Dr. R. I. Evans from a sample collected in Durham, N. C., and has since 

1 The writer wishes to express her appreciation to Dr. 0. E. Allen for his advice and 
encouragement during the course of this study, which was carried out under his direction 
in the Department of Botany of the University of Wisconsin; to Dr. R. I. Evans, Depart- 
ment of Botany, University of Wisconsin, who supplied the culture used; to Dr. L. E. 
Noland, Department of Zoology, University of Wisconsin, for his helpful suggestions; 
to Dr. T. E. Hazen and Dr. H. 0. Bold, Department of Botany, Barnard College, Golumhia 
University, who identified the species used; and to Dr. J. MeA. Eater, Department of 
Biology, Fordham University, who kindly sent some of his preparations for comparison. 
The work was carried out with the aid of a University Scholarship and of a grant from 
the Wisconsin Alumni Research Foundation. 
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been kept in culture on nutrient agar" at the University of Wisconsin. Stock 
cultures grew most satisfactorily when kept at about 18° C. under constant 
illumination. Rapidly growing motile cells were obtained by transferring 
portions of the agar cultures to low bulb pots filled with (|uart 2 sand which 
were placed in pot-saucers containing a solution composed of about 300 cc. 
of distilled water to 15 cc. each of Knop’s solutions A and B. The cultures 
were almost entirely covered with glass plates and kept in the greenhouse 
at 60-65° F. 

Nuclear division figures were most abundant in cultures which had been 
growing on sand for 5-10 days. Counts made at 7 a.in. and 7 p.ni. for several 
periods of three weeks each shelved no appreciably greater increase in the 
number of cells during the night than during daytime. Evidently under 
cultural conditions celj division is not limited to periods of darkness. 

Material to be fixed was centrifuged, mixed with fresh egg albumen, and 
then smeared on slides and cover glasses which were dropped face dowm into 
the fixative. Some of the centrifuged material was placed in vials, fixed, and 
imbedded in paraffin. To prevent loss of the material, the paraffin was al- 
lowed to harden in the narrow vials, and after it \vas cold the vials were 
broken. Sections were cut 2-3 jj thick. Schaudinn’s alcohol-sublimate solu- 
tion, with or without acetic acid, used either hot or cold, was the most satis- 
factory fixative. Carnoy’s alcohol-acetic solution, Flemming’s medium solu- 
tion and Randolph’s and Belling ’s modifications of Navashin’s fixative also 
gave satisfactory results. 

Some of the preparations were stained with Heidenhain’s iron-alum 
haematoxylin and counterstained with 0.1 per cent Bordeaux red. This 
method brought out the nucleus, pyrenoid, and the striictiire of the cyto- 
plasm. Feulgen’s nucleal reaction (Robertson 1927) eounterstained wdth 
fast green proved the most satisfactory method for demonstrating nuclear 
structure, since neither the nucleolus nor any cytoxfiasinic structures “were 
stained. Ehrlich’s haematoxylin -was satisfactory for both nuclear and cyto- 
plasmic structures. Flemming’s triple stain was used to study the chloro- 
plast in sectioned material, and F, H. Smith’s (1934) modification of the 
crystal violet-iodine stain was helpful in observing starch formation. Living 
cells w^ere treated with an aqueous solution of iodine (0.15 per cent) in 
potassium iodide (0.3 per cent) to identify starch. 

2 To one liter of 1.4% plain agar the following salts were added: 


Potassium nitrate :.. 1,0 gram 

Calcium sulphate 0.5 ^ ^ 

Magnesium sulphate 0.5 

Ferrous phosphate 0.25 

Tribasie calcium phosphate 0.25 


Eight-ounce screw-cap bottles, each containing about 60 cc. of the agar, were sterilized 
and slanted. 



1941] 


AKINS: CARTERIA 


431 


OBSERVATIONS 

The living' motile cells of C. criicifera are ellipsoidal and slightly asym- 
metrical, one side often appearing more convex than the other in (optical 
section (fig. 1). The cells range from 15 to 22 p in length and from 7 to 14 p 
ill width. The size varies with cultural conditions and with different stages 
of growth. The wall (pellicle) is distinct and is thickened anteriorly to 
form a relatively large papilla. In a surface view looking toward the an- 
terior end of the cell this protuberance presents somewhat the shape of a 
cross, and the four flagella project from the cell through fine canals, one in 
each of the depressions between the arms of the cross. The light green 
chloroplast appears to fill the cell except for a small concave region in the 
anterior end. Occasionally there is a small irregular clear region at the 
posterior end. In surface view longitudinal striatioiiS of the chloroplast are 
visible. A small ovoid red pigment-spot is located either in the outer layer 
of the chloroplast or between the wall and the chloroplast in the anterior half 
of the cell (fig. 1) . 

The pyrenoid occupies the greater portion of the middle part of the cell 
and is surrounded by a small number of angular starch grains which form 
an interrupted shell about it. Two contractile vacuoles, which contract alter- 
nately, are located in the anterior end of the cell. The contraction is rapid, 
but the interval between contractions is long as compared with that in cili- 
ates. In a living cell the nucleus can be identified only as a small, spherical, 
nearly colorless region in the posterior part of the cell. 

The thickness of the cell and the abundance of starch grains make it 
difficult to determine the shape of the chloroplast in living cells. In fixed and 
stained material it was not possible to distinguish between chloroplast and 
undifferentiated cytoplasm, and in the following discussion both will be 
included under the term ^ ^ cytoplasm. ” The cytoplasm generality appears 
alveolar ; in an occasional cell, however, it seems to be granular. In cross sec- 
tion a variable number of strands are visible extending from the peripheral 
cytoplasmic later to the pyrenoid, which is located centrally (fig. 4) or more 
or less laterally (fig. 5). In a cross section anterior to the pyrenoid, strands 
extend from the periphery and meet in the center forming a mesh work (fig. 
6). It was not possible to determine whether the strands which extend from 
the peripheral portion of the cytoplasm to the pyrenoid belong to the chloro- 
plast or to the undifferentiated cytoplasm. If to the latter, this would be one 
of the few species in which the pyrenoid is located outside the chloroplast, 
a condition reported by Kater (1929) for Chlamyclomonas, It is probable, 
however, that C. criicifera possesses what is commonly described as an “H- 
shaped’’ chloroplast (really H-shaped in longitudinal section) , the pyrenoid 
being imbedded in the strands running from the peripheral portion. 

The longitudinal striations of the chloroplast are visible in whole mounts 
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stained with Heidenhaiii’s iron-alum haematoxylin or with Ehrlich’s haema- 
toxylin. When a living cell is seen from the anterior or posterior end there 
is some indication of ridges. In cross sections of fixed and stained material 
there is no such indication (figs. 4, 5, 6). Similar appearances in Chlaniij- 
domonas led Eater (1929) to suggest that the striated effect is produced as 
much by differences in opacity within the chloroplast as by the presence of 
actual ridges. It is possible that the difiSculty in distinguishing between 
chloroplast and undifferentiated cytoplasm explains the apparent absence 
of ridges in cross sections of fixed material. 

In a living cell the spherical pyrenoid is surrounded by a small number 
of concavo-convex bodies which give a starch reaction with iodine. After 
fixation with Sehaudinn’s fluid the pyrenoid shows a marked affinity for 
the Heidenhain stain, rwhich colors it homogeneously black (figs. 8, 9). If 
preparations are stained with Bordeaux red before they are placed in haema- 
toxylin, the pyrenoid becomes bright red. With Ehrlich’s haematoxylin the 
pyrenoid is a light reddish purple. In either haematoxylin stain the pyrenoid 
is surrounded by a clear zone of varying thickness. This zone is probably 
occupied partially by the unstained shell of starch grains already mentioned. 
There is no indication of a reticulate structure of the pyrenoid or of radial 
strands traversing the hyaline zone about the pyrenoid, both of which were 
reported by Eater (1929) in Chlamydomonas, After Flemming’s triple stain 
the bright red pyrenoid is surrounded by a layer of blue starch grains. The 
pyrenoid is stained light blue by crystal violet'-iodine, while the surround- 
ing starch grains are purple. Between the pyrenoid and the starch grains 
is a narrow hyaline zone (fig. 2). Several regions of the outer portion of the 
pyrenoid are usually stained dark blue (fig. 2). When these dark-staining 


Explanation of figures 1-29 

All drawings were made with a camera Incida ; x 2550. Unless otherAtise stated, all 
figures are from material fixed in Sehaiidxnu fiiiid. 

Fig. 1. Carteria crucifera drawn from life. Figs. 2, 3. Cells fixed in EandolplUs 
modification of Navasliin’s fixative and stained with crystal violet-iodine, sliOAving the 
pyrenoid Avith its outer transitional portion and the starch grains. PXGS. 4-10. Cells 
stained Avith Heidenhain ^s iron-alum haematoxylin. Fig, 4. Cross section showing cen- 
trally located pyrenoid. Fig. 5. Cross section Avith laterally located pyrenoid. Fig. 6. 
Cross section above level of pyrenoid. Fig. 7, Longitudinal section shoAving two blepharo- 
plasts, contractile A^acuoles and layer of cytoplasm between vacuoles. Fig, 8. Vegetatne 
cell Avith two blepharoplasts, layer of cytoplasm betAveen vacuoles, pyrenoid and niieleiis. 
Fig. 9. Vegetative cell shoAving three blepharoplasts, layer of cytoplasm between con- 
tractile vacuoles, nucleus and pyrenoid. Fig. 10. Vegetative cell Avith tAvo blepliaroplasts, 
three pyrenoids and nucleus. Figs. 11-14. Nuclei stained with Heidenhain 's iron- 
alum haematoxylin. Figs. 15-18. Nuclei stained AAuth Ehrlich ’s haematoxylin shoAving num- 
ber and arrangement of chromatic bodies. Figs. 19-28. Nuclei stained Avith Feuigen ’s 
nueleal reaction. Figs. 19-27, Nuclei shoAving number and arrangement of cliromatie 
bodies. Fig. 28. Nucleus in position to dmde betAveen daughter pyrenoids. Fig. 29. 
Cell stained AAuth Heidenhain ^s iron-alum haematoxylin. Stage in reAa)liitlon of protoplast, 
pyrenoid constricting. 
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regions are seen in surface view, the pyrenoicl occasionally appears seg- 
mented or compound (fig. 3) ; however, the lighter blue central region is 
still visible. When a living cell is treated with iodine the outermost portion 
of the pyrenoid gives a starch-like reaction. Timberlake (1901) found that 
in Eydrodictyon tangential segments are cut off successively from the pyre- 
noid and that these segments are transformed into starch. G. M. Smith 
(1914) observed that one or more portions of the pyrenoid of Scenedesnms 
show a ti*ansitional staining reaction, which indicates that the pyrenoid may 
form several segments simultaneously and more than one starch grain at a 
time. It is possible that the dark-staining regions observed in the pyrenoids 
of Carteria stained with crystal violet-iodine or (in living cells) with iodine 
represent stages in the transformation of the pyrenoid substance into starch 
as reported by Timberkke for Eydrodictyon, Smith for Scenedesmis^ and 
Bold (1931) for Chlorococcimi. 

Living cells which have undergone a period of growth since the last pre- 
ceding division contain numerous shining oval bodies (fig. 1). Although 
these bodies resemble the starch grains about the pyrenoid in their refrac- 
tive behavior, they do not give a starch reaction when living cells are treated 
with iodine. In preparations stained with crystal violet-iodine the cytoplasm 
contains many small, somewhat angular purple starch grains (fig. 2). These 
grains, the so-called ‘^stroma starch,’’ resemble the starch grains immedi- 
ately about the pyrenoid in their reaction to crystal violet-iodine and in 
their angular shape. There seems to be little doubt that the oval bodies seen 
in the living cell, which, except for their failure to stain with iodine, resem- 
ble starch, are the bodies that are stained with crystal violet-iodine. It is 
possible that the ^‘stroma starch” grains have changed chemically after their 
formation and hence do not give the typical starch reaction when living cells 
are treated with iodine. Frequently two layers of starch grains, instead of 
one, surround the pyrenoid (fig. 2), and the ^‘stroma starch” tends to be 
concentrically arranged throughout the cell with respect to the pyrenoid. 
These facts may indicate that in Carteria, as in Sydrodictyon, all the starch 
grains within the cell have been formed from the pyrenoid, each layer in 
turn being forced away from the pyrenoid by the formation and separation 
of successive new layers. 

Small rounded mitochondria appear in sections stained with Heiden- 
hain ’s haematoxylin. They are imbedded in the cytoplasm, and often each 
appears to be surrounded by a very narrow clear region (figs. 4, 5, 6). 
INrumerous cytoplasmic inclusions are visible in preparations of whole cells, 
but because of the thickness of the cell and the variety of intraeeliiilar bodies 
■present identification of them has proved impossible. 

The pigment spot is invisible in fixed material stained with either haema- 
toxylin. When living cells are treated with iodine the pigment spot gives a 
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starcli-like reaction. It is possible that the pigment spot is stained with crys- 
tal violet-iodine, but if so it cannot be distinguished from the stroma starch 
grains. Frunze (1893) concluded that the pigment spot in the Ciilorophyceae 
is composed of a number of highly refractive bodies of the nature of starch. 
Mast (1927) found that in unicellular members of the Volvocales the pig- 
ment spot consists of a spoon-shaped structure and a hyaline mass, the latter 
containing the photosensitive substance. Until the chemical nature of the 
substances composing the pigment spot is better known, no explanation can 
be otfered for the starch-like reaction observed. 

In fixed material stained with Heidenhain^s or EhrliclFs haematoxylin, 
two blepharoplasts are visible, located just within the wall beneath the ante- 
rior papilla (figs. 8, 10). Occasionally a third one can be observed (fig. 9). 
Earely, what appears to be a fourth blepharoplast is'*visible, but because of 
their arrangement in a single transverse plane, all four cannot often be seen 
at once. No cross sections were obtained wdiieh were certainly at the 
blepharoplast level. 

When living cells are treated with iodine the contractile vacuoles iri- 
crease in size, and the narrow layer of cytoplasm between them appears as 
a strand somewhat similar to the rhizoplast w^hich has been figured for such 
forms as Polytoma uvella (Dangeard 1900, 1901; Bntz 1913, 1918), Chlaniy- 
domonas 7iasuta (Kater 1929), Haematococmis j^luvialis (Elliott 1934), and 
others. A similar layer of cytoplasm appears in cells fixed m ioio and in 
longitudinal sections stained with either Heidenhain ’s or Ehrlich’s haema- 
toxylin (figs. 7, 8, 9, 10). In no ease is it possible to trace this layer beyond 
the inner margins of the vacuoles. It seems clear that in Garierm crucifera 
a rhizoplast does not connect the nucleus wdth the blepharoplasts, and that 
the apparent strand in question is the layer of cytoplasm betw^een the con- 
tractile vacuoles. 

The nucleus is usually flattened and broader on its anterior side, wdiich 
lies in contact with the pyrenoid. Posteriorly it is rounded and occasionally 
slightly elongate (figs. 9, 19, 21). In preparations subjected to Peulgen’s 
nucleal reaction neither the nuclear membrane nor the nucleolus stains. The 
position of the nucleolus is indicated in such preparations by a colorless 
spherical or slightly elongated region in the center of the nucleus (figs. 
19-28). The chromatin granules, stained purple or dark blue, form a sparse 
reticulum; occasionally the granules are concentrated or massed together 
and have the appearance of a large node (fig. 19). They are more numerous 
just within the nuclear membrane and about the nucleolus. The most con- 
spicuous feature of the nucleus is the presence of one or more bodies, stain- 
ing like chromatin, which are much larger than the granules obviously of 
chromatin. When a single body of this type is present, it may lie just within 
the nuclear membrane (fig. 20), beside the nucleolus (fig. 19), or at any 
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point between nuclear membrane and nucleolus (fig. 21). If two bodies are 
present tliey may be so close together as to suggest a recent division of a 
single body (fig. 22) ; one may be just within the nuclear membrane and the 
other near the nucleolus (fig. 23) ; or they may be variously located (fig. 
24). Frequently from one to three additional smaller bodies appear, likewise 
variously located (figs. 25, 26, 27). These smaller bodies stain in the same 
way as the chromatin granules and the two larger bodies described above, 
but they can be observed most readily in lightly stained preparations and 
in a cell which is not the product of a recent division. 

In preparations stained with Heidenhaiii ’s or Ehrliehfs liaematoxylin 
the nucleolus and nuclear membrane are visible. The ehromatin granules 
form a sparse network between the nucleolus and the niielear membrane 
and are more numerom just within the membrane and immediately about 
the nucleolus. Here, also, from one to five bodies variously located can be 
observed (figs. 8-18). There seems little doubt that the bodies which stain 
darkly with the Feulgeii technique and with either liaematoxylin stain are 
the same, since they are identical in number, size, and position. In haeina- 
toxylin preparations the nucleolus obscures from view anything above or 
below it, and the numerous cytoplasmic inclusions often make it difficult to 
determine whether a particular body is in the nucleus or in the cytoplasm. 
Since neither the nucleolus nor any cytoplasmic structure is stained by the 
Feulgen method, it is not surprising that four or five bodies should be 
observed more frequently with this method than with the haeniatoxylin 
stains. 

The cell undergoes a period of growth before dividing, sometimes becom- 
ing so large and thick that it is difficult to determine the position of the 
nucleus and the pyrenoid. The cell either withdraws or loses its flagella. The 
protoplast revolves through an angle of 90 so that the anterior clear zone 
comes to lie in contact with the former equatorial region of the cell wall. In 
living cells the occurrence of this revolution can oecasionaily be recognized 
from the changed position of the clear region and the contractile vacuoles. 
In fixed preparations, stages in the revolution of the protoplast can some- 
times be identified b}^ the position of the blepharoplasts, by the enlarged 
contractile vacuoles, and by the layer of cytoplasin between the vacuoles 
(fig. 29). The pyrenoid divides by constriction either before the revolution 

Explanation of figures 30-39 

Pies. 30-32. Cells stained with Heidenhain ‘’s iron-alum Ijaematoxyliii. Pig. 30. 
Nucleus in position to divide, pyrenoid constricting. Pig. 31. Nucleus in position to 
divide between daughter pyrenoids. Pig. 32. Lateral view of equatorial plate. Pigs. 
33-38. Cells stained by Peulgen^s nneleal reaction. Pig. 33, Lateral view of metaphase. 
Pigs. 34, 35. Polar views of equatorial plates. Pig. 36. Cell just after division, showing 
tightly apiDressed daughter protoplasts. Pig. 37. Two-celled colony. Pig. 38. Second 
division of colony just completed. Pig. 39. Palmella-like colony drawn from life. 
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of the protoplast or after the revolution is completed (fig’s. 29 , 30). In con- 
seqiience^ a daughter pyrenoid is located toward each end of the cell and 
the nucleus lies between the daughter pyrenoids (figs. 28, 31). The increased 
size of the cell and the position of the nucleus between the daughter pyre- 
iioids are the most satisfactory criteria for recognizing a ceil which is about 
to divide. 

A few cells were observed which contained two or even three pyrenoids 
(fig. 10) but which had not become enlarged and showed no indication of 
a revolution of the protoplast. One cell contained one pyrenoid and two 
nuclei, both located in the posterior part of the cell. Another cell possessed 
three pyrenoids in its central region and two nuclei in the posterior part. 
Neither cell had enlarged nor had its protoplast revolved. Although two 
pyrenoids are typicall.i^ found only in cells which are about to divide, it 
appears that the pyrenoid can divide at any time to form two or three bodies. 
Also the nucleus may divide without a preceding revolution of the protoplast 
or division of the pyrenoid, and nuclear division is not always followed by 
cell division. 

A nucleus which is preparing to divide is enlarged and usually elongate 
(figs. 28, 30). Such a nucleus resembles in structure a resting nucleus, and 
the darkly staining bodies previously described are still visible (figs. 28, 
29). As the nucleus enters the prophases the chromatin granules appear 
more numerous and massed together, and it soon becomes impossible to dis- 
tinguish the larger bodies observed in the resting iiueleus. The nucleolus 
disappears and definitely organized chromosomes gradually appear. 

Nine chromosomes are visible in a late prophase or in polar views of the 
equatorial plate. Three of these are about three times as long as wide and 
often curved, three about twice as long as wide, and three only slightly 
longer than wide (figs. 34, 35). In a lateral view of an equatorial plate the 
chromosomes appear short and somewhat bean-shaped (fig. 32). 

The sharply pointed spindle lies either longitudinaliy or obliquely 
oriented between the daughter pyrenoids in the middle of the cell (fig. 32). 
The smallness of the division figures prevents the determination in lateral 
view of whether there are fibers extending from pole to pole in addition to 
those running from poles to chromosomes. There is no indication of a body 
of any nature at either pole of the spindle in Peulgen preparations (fig. 33) 
or with either of the haematoxylin combinations used (fig. 32). 

The daughter chromosomes separate and move toward the respective 
spindle poles. After they reach the poles they become less distinct and 
appear massed or clumped. In connection with each daughter group the 
nuclear membrane and nucleolus appear. In Peulgen preparations the chro- 
matin granules appear large and closely packed; there is little indication 
of a reticulum (fig. 36), This condition persists for some time. 
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The protoplast divides by eonstrietiiig between the newly formed 
daughter iiiielei. Although this appears to be a transverse division, it divides 
the protoplast longitudinally because of the previous revolution. 

The cell may quickly divide a second time, or the two daughter proto- 
plasts may develop wmlls while still wuthin the mother-cell wall. The daugh- 
ter cells shift positions within the mother-cell wall and usually come to lie 
with their anterior ends oppositely placed (fig. 37). They develop flagella 
which can be seen to be curled around each daughter cell and beating 
slightly. The daughter cells are freed by a local disintegration of the mother- 
cell wall. 

If a second division follows, the daughter nuclei formed by the first 
division do not assume a typical resting condition, and the daughter cells 
do not form visible walls but remain tightly appress^d. The second division 
is similar to the first, but it is more difficult to follow because of the crowd- 
ing of the nuclear contents within a smaller space. It is uncertain whether 
a revolution of the daughter protoplasts occurs. The two nuclei do not 
always divide simultaneously ; one may be at the equatorial-plate stage while 
the other is in an early prophase. The twm daughter cells divide in planes 
at right angles to each other and to the plane of the first division. 

A third division also may follow, or the four daughter protoplasts formed 
by the second division may develop walls. In the latter case the cells shift 
within the mother-cell wall and become variously arranged. The mother 'wall 
breaks down and the cells are liberated. If a third division follows the sec- 
ond, it is very similar to the first and second divisions, but the nuclei and 
pyrenoids are usually so close together that the story cannot be followed in 
detail. Eight small daughter protoplasts are finally formed, which develop 
walls and flagella. The mother wall breaks down and liberates the cells of 
the colony. 

It wms impossible to follow the blepharoplasts after the revolution of the 
protoplast was complete or to observe their formation and the growdh of the 
flagella. Fe^w colonies of sixteen cells wmim observed. Gametes were obtained 
only once during the course of this study. All later attempts by varying the 
nutrient concentration, illumination, and temperature failed to induce their 
formation. Either environmental conditions have not been suitable or else 
the strain is heterothallie. When gametes were formed the cultures were 
being wintered with lake water, and it is possible that the second strain may 
have been introduced with the water. 

Palmella-like colonies, consisting of several colonies within a mother wall, 
are occasionally formed in cultures growing on agar. These colonies are 
never very large, and the walls do not become noticeably gelatinous (fig. 39) . 
When such colonies are placed on sand, the colonial walls break dowm and 
the enclosed daughter cells develop flagella and become free-s-wimming. 
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DISCUSSION 

The neuromotor ap])aratus. Most investigators who have described 

blepharoplasts in the Volvocales report the presence of either one or two. 
Even quadriflagellate species seem generally to possess but two. In Carteria 
crucifera, however, certainly three and in all probability four blepharoplasts 

are present. 

A cytoplasmic strand extending from the bases of the flagella toward 
the niielens was described by Dangeard (1898) in Phacotus angulosus, 
Chlorogoiiium eiichlorum^ Cercidmm elongaiuniy and CAilaniydomor^^^^^^ varia- 
hilis. Later (1900, 1901) he referred to a similar structure in Polytonia 
uvella as a ' ' rhizoplast. ” Rhizoplasts, connecting the blepharoplasts with 
the nucleus, have been described by Prowazek (1901) and Biitz (1913, 1918) 
in Poly tom, a uvella y b./Kater (1929) in Chlamydomonas nasutay by Elliott 
(1934) in Haematococciis pluvialisy by Hovasse (1937) in Eudorina {Pleo- 
d.orina) illinoisemsis, and (somewhat doubtfully) by Hartmann (1919) in 
Chlorogonium elongatuni and by Kater (1925) in Polytomella dtri. Two 
rhizoplasts, one extending from each blepharoplast toward the nucleus, were 
reported by Mast (1916) for Eudorina sp. and by Hartmann (1921) for 
E. elegams. 

In Carteria crucifera a strand which might be taken, for a portion, of a 
rhizoplast is visible between the contractile vacuoles. This strand, however, 
cannot be traced beyond the inner margins of the vacuoles. It seems clear 
that what is seen here is the layer of cytoplasm between the contraetile 
vacuoles. This is the only species thus far investigated in which the nueleus 
is posterior to the pyrenoid. It is possible that in forms in whieli the nucleus 
is anterior, the narrow layer of cytoplasm between the vacuoles, erroneously 
interpreted as a rhizoplast, has been thought to extend to the niicleiis. 

An intranuclear centrosome whose division products appear at the poles 
of the spindle has been reported by Prowazek (1901) and Bntz (1913, 1918) 
in Polytoma nivelkiy by Hartmann (1904) in Yolvox glolator, by Zimmer- 
mann (1921) in Y. aiireusy and by Kater (1929) in Chlamydomonas nasuta. 
Chatton (1910) described a centrosome within the nucleolus (karyosome) 
in Pleodorina calif ornica. .Elliott (1934) found an extranuclear centrosome 
which functions as a division center in Haeniatocoecus pluvialis. Centro- 
somes were observed at the poles of the spindle by Aragao (1910) in Poly- 
tomella agilis and by Hartmann (1919) in Chlorogonm^^ elongatum. Kater 
(1925) found no centrosomes in the resting nuclei of vegetative cells of 
Polytomella citriy although centrosomes appeared at the poles of the spindle. 
In encysted cells, however, extranuclear centrosomes were visible. In all 
these species the centrosomes and blepharoplasts, commonly connected by a 
rhizoplast, are reported to function in their distinctive capacities. In Eudo- 
rina {Pleodorina) illinoisensis according to Hovasse (1937), the two 
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blepharoplasts migrate from the bases of the flagella to the iiueleiis, move 
along the nuclear membrane to opposite sides of the nucleus and determine 
the respective poles of the spindle. After division each body moves to the 
anterior end of its daughter cell and divides to form two blepharoplasts. 
This is the only example among* the Volvocales of a body reported to func- 
tion as both centrosome and blepharoplast. Hovasse saw in the nucleus of 
this species from one to three bodies which are connected with the iiueleolus 
by strands. He suggested that they be called satellites of the nucleolus.’’ 

No bodies were observed at the poles of the spindle by Dangeard (1898, 
1900, 1901) in several species of Ghlorocgoyiium, Cercidiicni^ Lobomonas, 
Fkacotus y CJilamy and Carteria, and in Folytonia uvella, by Merton 

(1908) in Fleodorina illinokensis, by Reichenow (1910) in Haematococciis 
phivialis, by Jameson (1914) in Farapolytoma satura, by Doflein (1916, 
1918) in Folytomella agilis^ or by Belaf (1921) in an unidentified species 
of C h lam y domonas . 

In Carteria crucifera from one to five rather conspicuous bodies are vari- 
ously located within the nucleus. There is no evidence that they are con- 
nected with the nucleolus. The bodies are most consistently and easily ob- 
served in Feulgen preparations. Although they are stained by haematoxylin, 
the darkly stained nucleolus and the cytoplasmic inclusions sometimes make 
their recognition difficult. There is no indication of a bod.y at either pole 
of the sharply pointed spindle. It is possible that in previous studies one 
of these intranuclear bodies has been identified as a centrosome and that two 
of them have been interpreted as the product of a recent division of a centro- 
some. The Feulgen technique has not previously been employed extensively 
in investigating members of the Volvocales. In view of their reaction to this 
technique, it is suggested that the structures in question are chromocenters 
and that they are similar to the bodies observed by Hovasse in Eudorina 
{Fleodorina) illmoisensis. The term ‘‘chromocenter” seems suitable, for 
these bodies appear to be definite chromatic regions which remain condensed 
and highly chromatic during the resting stage. 

The nucleolus, A chromatin-containing nucleolus which fragments to 
form the chromosomes 'was described by Jameson (1914) in Farapolytoma 
satura and by Kater (1925) in Folytomella citri Kater (1929) held that 
the cortical portion of the nucleolus of Clilamy domonas nasuta contains 
chromatin. The nucleolus of Carteria crucifera contains no chromatin. 
Feulgen preparations show the nucleolus as a non-chroniatie spherical body 
surrounded by an accumulation of chromatin granules. It is possible that it 
was the aggregation of granules about the nucleolus which led Kater to his 
conclusion. 

Mitotic phenomena. Hartmann (1919) described in Chlorogonium elon- 
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gatimi the formation of a half-spindle, which is followed by the division of 
both centrosome and half-spindle. One half-spindle and its centrosome 
migrate along the nuclear membrane to the opposite side of the nucleus 
from the position of the sister centrosome and half -spindle. The same author 
(1921) found that in the first division of Eudorina elegans the spindle is 
formed in the typical fashion, but that in the second division of some cells 
a half-spindle appears whose behavior is similar to that seen in CMoro- 
goniuni. In Carteria crucifera spindle-formation is of the typical sort. 

In Folytoma iivella^ according to Entz (1913, 1918) the flagella and 
blepharoplasts persist during the early stages of division but eventually dis- 
appear. After mitosis a body buds off from the nucleolus, divides, and one 
division product remains in the nucleus as the centrosome, while the other 
migrates to the anterior end of the cell, the rhizoplast appearing behind it. 
At the anterior end it divides to form two blepharoplasts. Kater (1929) and 
Elliott (1934) found that in Chlamydomonas nasuta and Haematococciis 
plmialis the flagella and blepharoplasts disappear during division. After 
the division is completed a body buds off from the centrosome and migrates 
to the anterior end of the cell, remaining connected with the centrosome by 
a rhizoplast. This body divides to form the two blepharoplasts. Aragao 
(1910) and Doflein (1916, 1918) report that in FolytonieUa agilis one 
blepharoplast and two flagella pass to each daughter cell during division. 
Each blepharoplast then divides and two additional flagella are formed. in 
each daughter cell. According to Jameson (1914), in Parapolytoma satura 
the blepharoplasts and flagella pass during cell division to a single daughter 
cell. In the daughter cell which does not receive these striietures, a body 
buds off from the nucleolus, divides, and the daughter halves migrate to the 
anterior end where they become blepharoplasts. Kater (1925) reported that 
in Polyiomella citri the blepharoplasts persist and divide during the division 
of a vegetative cell. In an encysted cell a new centrosome and blepharoplasts 
are formed by a bud from the nucleolus which divides. One division product 
remains outside the nucleus, supposedly as the centrosome, while the other 
migrates to the anterior end of the cell and divides to form the blepharo- 
plasts. Hovasse (1937) found that in Eudorina {Plesclorina) illinoisensis 
the two blepharoplasts, after cell division, migrate from the poles of the 
spindle to the anterior ends of the respective daughter cells and divide. 

In Carteria crucifera it was not possible to follow the blepharoplasts 
after the revolution of the protoplast was completed. No stages were ob- 
served which indicated the budding off of a body from the nucleolus. The 
blepharoplasts do not stain with Feulgen's nucleal reaction; they seem to 
have no relation to the bodies present in the nucleus. 

Kater (1929) observed a revolution of the protoplast before mitosis 
through an angle of 90'^ in Chlamydomonas nasuta, A similar revolution 
occurs in Carteria crucifera. 
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Daiigeard (1898) reported the following eliromosome iiiiiiibers : Chlaniy- 
domonas IHlli 10, C. variabilis 10 , G. monadina 30, Carteria cordiformis 12. 
Pasclier (1916) found 10 chromosomes in an unidentified species of Chlamy- 
domonas. Eight chromosomes are figured by Belaf (1926) in an unnamed 
Chlamydomonas. Moewus (Hartmann 1934) observed 10 in Cklamydomonas 
eugametos, in C. paupera^ and in a hybrid between G. eiigametos and G. pau- 
pera. Carteria cnicifera has nine. There is apparently no relation between 
the number of chromosomes and the number of flagella in 
and Carteria. Species of the biflagellate Chlamydomonas thus far investi- 
gated have chromosome counts ranging from, eight to thirty. The two species 
of the quadriflagellate Carteria w^hich have been studied have counts of nine 
and twelve chromosomes. 


SUMMARY ^ 

The chloroplast of Carteria cnicifera is H-shaped in longitudinal sec- 
tion; strands extend from the periphery to the central region where the 
jiyrenoid is located. 

The outermost portion of the pyrenoid at times stains differently from 
the remainder ; this differentiated portion may represent a transition stage 
in the transformation of the p^menoid substance into starch. The occiirrence 
of two layers of starch grains close about the pyrenoid and the variation in 
staining reaction of the pyrenoid indicate that from it are formed all the 
starch grains within the cell. 

Three, occasionally four, blepharoplasts are visible at the bases of the 
flagella. In fixed material the contractile vacuoles are enlarged and the layer 
of cytoplasm between them resembles a rhizoplast. In no case is it possible 
to trace this layer or strand beyond the inner margins of the contractile 
vacuoles. 

The nucleus has a distinct membrane, a large nucleolus, and chromatic 
material in the form of strands and knots or granules. The nucleolus con- 
tains no chromatin. Within the nucleus are from one to five variously located 
bodies which are larger than the granules obviously of chromatin, yet which 
stain like chromatin with Peulgen's niicleal reaction and with haematoxylin. 
It is suggested that these bodies are chromocenters. 

Nuclear division is preceded by a revolution of the protoplast through 
an angle of 90° and by the division of the pyrenoid by constriction. There 
is no indication of a centrosome at either pole of the spindle, wdiich lies 
longitudinally or obliquely between the daughter pyrenoids. The protoplasm 
divides by constriction. 

There is apparently no relation between the number of chromosomes and 
the number of flagella. Carteria cnicifera has nine chromosomes. 

Warren, Illinois 
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BIOTIN AND THE GROWTH OF FUSARIUM 
AVENACEUM^ 

William J. Robbins and Roberta Ma 
(with six figures) 

Vitoria (21) reported in 1939 that Fusarium avenacemn did not grow 
ill a liquid medium eoiitainmg per liter 7.2 g. cane sugar, 3.6 g. dextrose, 
1.23 g. MgS04. • 7 H2O, 2.72 g. KH2PO4, and 2.02 g. KNO3, but grew on the 
same medium solidified with agar. Other species of Fiisarmm grew well in 
the liquid inedinni. Vitoria found further that the addition to his medium 
of the filtrate from a ^ix-day-old culture of Fenicillum sp. permitted the 
development of F, avenaceiim. As little as 0.25 ml. of the F enicMum filtrate 
was effective though the benefit increased with additions up to 50 ml. of 
filtrate. 

The nitrogen in the basic medium used b.v Vitoria was in the form of 
nitrate, which is a poor source for some fungi (14). It might be suggested 
that the benefit observed from the filtrate of the PeniciUum culture was due 
to organic nitrogen derived from that fungus. However, 0.25 ml. of the 
filtrate must have contained very little organic nitrogen. This consideration 
suggested that the failure of F. avenaceiim to grow in the liquid medium 
might have been the result of growth substance deficiencies which were sup- 
plied by the agar or by the Penicilluni filtrate. One of the authors has been 
interested in the growth substances in agar (13, 16) and the effect of agar 
on F. avenaceiim seemed worthy of further investigation. 

materials and methods 

Three strains of F. avenaceiim were obtained. One was kindly supplied 
b}^ Dr. B. C. Stakmaii; it will be referred to as strain (M). The second was 
secured through the courtesy of Dr. R. W. Goss and will be called strain 
(N). The third was obtained through the kindness of Dr. Vitoria and will 
be called strain (V). The three strains differed in appearance of colony, 
pigment production, and size and shape of conidia. The (M) and (N) strains 
were much alike and both produced conidia which were from 1 to 3 celled 
and inclined to be straight with blunt ends. The (V) strain formed reddish 
pigment freely and the conidia were from 5 to 7 celled, curved, and Avith 
pointed ends. 

Three basic media Avere used as follows : 

Solution 1 contained per liter of distilled water 50 g. dextrose, 1.5 g. 
KH2PO4, 0.5 g. MgS04 ' 7 H2O, and 2.0 g. asparagine; solution 2 AA^as Vi- 

1 Supported in part by a grant from the Josiah Macy Jr. Eoimdation. 
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toria's liquid medium; solution 3 was solution 1 with 1.76 g’. of (NH 4 ) 2 S 04 
instead of asparagine. This quantity of (NH 4 ) 2 S ()4 contained the same 
amount of nitrogen as the 2 g. of asparagine. 

The dextrose was Corn Products C.P. ; the asparagine was purified by 
treatment with Norit A and reerystallization from aleohol ; the other cliemi- 
eals were of C.P. grade unless specifically noted. All glassware was pyrex, 
cleaned with chromic acid cleaning mixture and thoroughly rinsed with tap 



Fig. 1, y. avenaceum, strain (V), on solution 2 plus (A) 1.5% Difco agar (B) 
1.5% purified Difco agar. Age of cultures 3 days. Fig. 2. Three strains of A. avenaceum 
on solution 2 plus 1.5% purified Difco agar; A, strain (V) ; B, strain (N) ; C, strain (M). 
Age of cultures 4 days. 
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and distilled water. Media were sterilized at 12 pounds pressure for 20 
minutes. For inoculation a bit of mycelium approximately a square mm. in 
area was removed from a culture on agar; care was taken to transfer none 
of the agar. In some instances conidia instead of mycelium were used for 
inoculation. Cultures were incubated at 25° C. in the dark. 

EXPERIMENTS 

Growth in liquid cultures, Vitoria ^s report that his strain of F. arena- 
ceum does not grow in his liquid medium was confirnied. Triplicate cultures 
containing 25 ml. of solution 2 in 125 ml. Erlenmeyer flasks were inoculated 
with bits of mycelium from a culture of strain (Y) on a thiamin-peptone 
agar (18). Growth in a period of 7 days was slight and subcultures into 
solution 2 failed completely. The same results were secured with solution 1 
in which the nitrogen was supplied as asparagine. 

Strain (M) grew well in solution 1, in which it produced a greenish 
yellow pigment. It was carried for four successive passages in this solution 
and showed no evidence of reduced gTowth in the fourth passage. Similar 
results were secured with solution 2, though the growth was not so vigorous 
as in solution 1 and no pigment wms produced. 

Strain (N) grew well in solution 1 through four successive passages but 
produced less pigment in the solution than strain (M). Its growth was as 
vigorous as that of strain (M). Strain (N) grew in solution 2 also but less 
well than in solution 1. 

From this experiment it appeared that the three strains differed in their 
growth responses and that a solution in which strain (M) and (N) grew 
quite well was unsatisfactory for strain ( V) . 

Effect of agar. Solution 2 was solidified with 1.5 per cent agar and 
approximately 8 ml. placed in test tubes, sterilized, and sloped. Triplicate 
tubes of four types of agar were used as follows : 

1. A sample of Difeo standardized granulated agar. 

2. The same agar purified by extraction with 5 per cent aqueous pyri- 
dine and alcohol.^ 

3. A sample of Einier and Amend flake agar. 

4. The same agar purified by extraction with pyridine and alcohol. 
Strain (V ) grew well on solution 2 plus 1.5 per cent Difeo agar ; the myce- 

2 Tlie agar was purified as follows: 1 pound of agar was treated in a percolator with 
12 liters of 5 per cent aqueous distilled pyridine; the final percolate was colorless. 
The agar was then washed with 2 liters of ethyl alcohol and boiled with 12 liters of 
ethyl alcohol. It was filtered through a Buchner funnel and dried at 50-60° C. The 
percolate and washings were combined, evaporated to remove the pyridine and alcohol, 
and made up to volume with distilled water so that 1 ml. of the extract was equivalent to 1 
gram of the extracted agar. 
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lium nearly covered the surface of the slope in three days. It yi'tnv little or 
not at all when the purified agar was substituted for the inipiirified agar 
(fig*. 1). Similar results were obtained with the purified and iinpiirified 
Elmer and Amend flake agar, though the organism grew less rapidly on the 
medium solidified with the unpurified flake agar than on that in which 
unpurified Difeo agar was used. 

Strains (M) and (N) grew on the media solidified with all four types of 
agar (fig. 2), but the growth on media made with the purified agars was 
less rapid than on that made with either of the unpurified agars. 

Subcultures of each strain on each type of agar were carried for three 
successive passages^ with no significant differences between the growth on a 
particular medium in successive passages. The development of strain (M) 
was much like that of strain (N) ; white cottony ae^^ial myceliuni formed on 
the agar slopes and little pigmentation was observed. The aerial mj'celiiiiii 
of strain (Y) grown on the unpurified agars was less luxuriant than that of 
strain (M) and (N) and considerable pink color was formed. 

Effect of agar extract on growth of strain (F). The failure of strain (Y) 
to grow satisfactorily on media made with the purified agars was because of 
the removal of some beneficial principle from the agar in the purification. 
This was demonstrated by observing the effect on its growth of additions 
of the agar extract to the purified agar. Solution 2 with 1.5 per cent purified 
Difeo agar was prepared. To some tubes extract^ was added equivalent to 1 
per cent, 5 per cent, or 15 per cent agar. The organism made little or no 

TABLE 1 


Growth of strain (V) of F. avenaceim. on agar slopes of sohition B plus 1.5% ptirified 
Difeo agar to ivhich various supplements were added. For details see text. 


Additions to solution 2 plus 1.5% 
purified agar 

j Diameter of colonies in cm. 

2 days 

3 days 


No growth 

1.3 

No growth 

1.0 

1.95 

2.4 

2.2 

i.’s 

1.7 

No growth 

2.4 

No growth 

2.5 

No growth 

2.0 

3.8 

3.8 

3.5 

2.5 

3.0 

No growth 

4.0 

p; (^npplpTnfints 


12 supplements 

Extract equivalent to 1% agar 

Extract equivalent to 5% agar 

Extract equivalent to 15% agar 

Biotin 

Ca fraction 

I)r fraction 

Ga & Dr fraction 


3 Tlie growth of strain (V) on the media made with purified agars was so poor in the 
first passage that no attempt was made to carry it beyond the second passage on the 
purified agar. 

4 The extract contained 10 per cent dry matter of which about 15 per cent was ash. 
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growth on the i)iiriiied agar but grew well on the purified agar to which the 
agar extract was added (table 1). Rapid growth occurred in all tubes con- 
taining agar extract and in less than a week the slope was covered with 
iii.ycelium and an orange-colored mass of spores occupied an area 1 cm. or 
more in diameter on those cultures with extract equivalent to 15 per cent 
agar (fig. 3), A similar but somewhat smaller area of spores was formed on 
the cultures with extract equivalent to 5 per cent agar. None was observed 
in the tubes with 1.5 per cent unpurified agar or on those containing purified 
agar and extract equivalent to 1 per cent agar. 

Effect of various growth substances on strain (V). There appeared to be 
something extracted from the agar which induced growth of strain (V). 
This material or materials was not elfective through modifying the pH since 
the hydrion concentration of media made with the purified and unpurified 
agar was found to be the same. It was thought not to be a mineral nutrient 
or to serve as a source of nitrogen because mineral salts and a nitrogen 
source were added to both the purified and unpurified agars and, furtlier, 
the nitrogen compounds in agar are relatively unavailable. The effect of 
various growth substances was, therefore, determined. 

The following media were prepared in tubes; six replications of each 
medium were used. The source of each growth subvstance and the quantity 
used per tube are given below : 

1. Solution 2 with 1.5 per cent purified Difco agar. 

2. Solution 2 with 1.5 per cent purified Difco agar plus thiamin, Merck’s 
synthetic, 10 millimicromoles ; pyridoxine, Merck’s synthetic, 20 millimicro- 
moles; calcium pantothenate, Merck’s synthetic, 5 micrograms ; biotin,'" du 
Vigneaud, 0.004 micrograni; nicotinamide, S.M.A., 10 mierograms. 

3. Solution 2 with 1.5 per cent purified Difco agar plus para-aminoben- 
zoic acid, Eastman, 5 mierograms; pimelic acid, Eastman, 5 mierograms ; 
i-inositol, Pfanstiehl, 10 mgm. ; riboflavine, Labco natural, 10 millimicro- 
moles; glutamine, Gy orgy, 10 mierograms; 2-methyl-l, 4-naphthoquinone 
(S.M.A.) 5 mierograms; ascorbic acid, Merck’s natural, 5 mierograms. 

4. Solution 2 with 1.5 per cent purified Difco agar plus the 12 growth 
substances. 

Two days after inoculation there was no growdh on medium 1, the colonies 
on medium 2 averaged 1.3 cm. in diameter, no growth appeared on medium 3 
and on medium 4 the colonies averaged 1.0 cm. in diameter (table 1). At the 
end of a iveek very little growth had occurred on media 1 and 3 ; the surface 
of the agar slopes of media 2 and 4 was covered with mycelium though the 
growth was somewhat less vigorous on medium 4 than on medium 2. 

•=5 The biotin was a pure preparation of the methyl-ester supplied tlirougii tlie courtesy 
of Dr. Vincent du Vigneaud and described in a recent publication (5). 
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These results indicated that one or more of the five growth siibstaiicies 
in the mixture used in medium 2 induced growth of strain (V) on solution 
2 prepared with 1.5 per cent purified agar. Biotin methyl-ester was found to 
be the effective substance. 

Effect of liotin on growth of strain (Y). The growth of strain (V) on 
solution 2 solidified with 1.5 per cent purified agar plus 0.004 microgram 
of biotin per tube containing 8 ml. of medium was found to be about equal 
to that on the same medium plus pyridoxine, thianiiip calcium pantothenate, 
and nicotinamide in addition to the biotin. Growth in the tubes containing 
biotin was, howeA^er, less rapid than on media containing agar extract equiva- 
lent to 1 per cent agar (table 1). 

These observations demonstrated that the groAvth of strain (V) on media 
prepared with the purified agar was poor because the organism suffered from 
a biotin deficiency. It appeared that sufficient biotin Avas present in the 
unpurified agar to satisfy the deficiency and that the biotin aa^s removed 
from the agar by the method of purification used. 

HoAvever, the addition of agar extract to the purified agar seemed to be 
more effective than the addition of the 0.004 microgram of pure biotin. Why 
should this be ? Several possibilities must be considered. Perhaps the amount 
of biotin added in the extract equivalent to 1 per cent agar aauis greater than 
the 0.004 microgram of pure biotin used per tube in the experiment described 
above. F, avenaceitm may exhibit partial deficiencies for groAAdh substances 
other than biotin AA^hich are supplied by the agar extract. If so, the substances 
involved are not pyridoxine, pantothenic acid, thiamin, or nicotinamide, 
since groAvth AAdth these four supplements in addition to biotin AAms about 
the same as Avitli biotin alone. It is probable also that they are not included 
in the second group of seA^en since the groAAdh AAdieii all tAA^elve groAvth sub- 
stances Avere used Avas not better than when the biotin alone Avas present 
(table 1). The minerals in the agar extract may haA^e been important or 
some other factor may have played a role. Some of these possibilities Avere 
inA^estigated. 

Effect of quantity of biotin. Tubes of solution 2 Avith 1.5 per cent purified 
agar AAwe prepared. To some tubes extract equiAmlent to 0.5 per cent, 1.0 
per cent, 5 per cent, or 15 per cent agar AAms added ; to others biotin aauis 
added in the folloAAung amounts per tube: 0.001, 0.005, 0.01, 0.05, or 0.1 
microgram. Eight mgs. of asparagine were added to some tubes containing 
0.05 inicrogram or 0.1 microgram of biotin. The experiment was performed 
in triplicate and carried for two successive passages. The second passage 
was started Avhen the cultures in the first passage Avere three days old. Tubes 
of each kind of medium in the second passage Avere inoculated from the 
growth in tubes of the same kind of medium in the first passage. 
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TABLE 2 

Growth of strain (V) of F. menaceum on agar slopes of solution plus 1.5% purified 
Difco agar to which various supplements were added. 


Additions to 8 ml. of solution 
2 x)lus 1.5% purified agar 

Diameter of colonies cm. 

1st X)assage 

2nd x^assage 

2 days 

3 days 

2 days 

3 days 

None 

0.6 

0.6 

No growth 

No growth 

Extract equivalent to 0.5% 





agai’ 

2.0 

3.5 

1.6 

2.9 

Extract equivalent to 1.0% 





agar 



1.9 

3.1 

Extract equivalent to 5.0% 





agar 

2.3 

3.7 

2.0 

3.4 

Extract equivalent to 15.0^ 

2.3 

4.0 



0.001 mierogram. biotin 

0.6 

1.1 

No growth 

0.4 

0.005 mierogram biotin 

2.0 

3.3 

1.5 

2.7 

0.01 mierogram biotin 

2.0 

3.1 

1.4 

2.5 

0.05 mierogram biotin 

1.9 

3.5 

1.4 

2.3 

0.1 mierogram biotin 

1.9 

3.3 

1.5 

2.5 

0.05 mierogram biotin and 8 





mgni. asx)aragine 

1.6 

2.9 

1.2 

2.1 

0.1 mierogram biotin and 8 





nigin. asparagine 

1.5 

2.7 

1.3 

2.3 


Ill the first passage there was some growth at the exjieiise of the original 
inoenlnm on the purified agar, but little or no growth occurred in the second 
passage (table 2). The effect of 0.001 mierogram of biotin per tube was 
slight ; 0.005 mierogram produced considerable growth and as far as colony 
diameter was concerned there was little difference between the effects of 
0.005 mierogram and 0.1 mierogram of biotin. The heaviness of growth, 
however, increased as the amount of biotin increased (fig. 4). The addition 
of asparagine reduced the rapidity of growth. Even with 0.1 mierogram of 
biotin per tube the diameter of the colonies was less than with extract equiva- 
lent to 1 per cent agar. This suggested that although biotin is the material 
primarily responsible for the effectiveness of agar in causing growth of 
strain (V) there are other soluble substances in the agar which favorably 
affect growth of the organism in the presence of biotin. This assumption is 
supported by comparing the growth F. avenaceiim in liquid cultures con- 
taining pure biotin with that in cultures containing agar extract with known 
biotin content. 

Quantity of hiotin in Difco agar. The quantity of biotin in the extract 
of Difco agar was estimated by the growth of Ashhya gossypii as described 
by Eobbins and Schmidt (15). Various quantities of the agar extract or of 
biotin (table 3) were added to 25 ml. quantities of the solution used by 
Eobbins and Schmidt and the hydrion concentration was adjusted with 
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Na 2 lIP 04 so that it was pH 5.6 after sterilization. The cultures were inocu- 
lated with a suspension of Ashhya and incubated at 25° C. for 15 days. Dry 
weights were determined by filtering into Gooch crucibles and drying at 
100° C. The biotin was estimated by the curve given by Robbins and Schmidt. 
The experiment was performed in triplicate. 


Fig. 3. F. avenaceum, strain (V), on solution 2 with 1.5% purified D.ife,o agar plus 

(A) nothing, (B) extract equivalent to 1% agar, (C) extract equivalent to 5% agar, (D) 
extract equivalent to 15% agar, (E) 0.004 mierogram biotin per tube. Age of cultures 6 
days. Fig. 4. F. avenaceum^ strain (V), on solution 2 with 1.5% purified Difco agar plus 
{A.) nothing, (B) 0.001 mierogram biotin, (C) 0.005 mierogram, (D) 0.01 microgram, 

(B) 0.1 mierogram per tube. Age of cultures 6 days. 
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Some growth occurred in the check solution probably at the expense of 
biotin carried over with the inoculum which came from an agar eontaining 
thiamin and peptone. However, 0.005 microgram of biotin increased growdh 
and 0.01 microgram gave a further increase. A favorable effect of 0.025 ml. 
of agar extract containing 2.5 mg. dry matter was observed and further 
benefits were obtained up to 0.625 ml. of agar extract per flask. Growth was 
less with 1.25 ml. of agar extract per flask than with 0.625 ml., evidently 
because of some inhibitory action of this quantity of material. 

In the fourth and fifth columns of table 3 the quantity of biotin in the 

TABLE 3 

Growth of Ashhya gossypii in solutions supplemented with agar extract or pure 
biotin and the quantity of biotin in the agar extract as estimated from the growth of 
Ashby a. 


Additions to 25 ml. of Eobbins 
and Schmidt solution 

Av. dry wt. 
Ashbjui per 
culture mg. 

Net dry 
wt. Ashby a 
per culture 
mg. 

Biotin per 
. culture 
milli-micro- 
grams 

Biotin, per 
ml. agar 
extract 
milli-miero- 
grams 

1.25 ml. agar extract 

20.3 

15.5 



0.625 ml. agar extract 

41.0 

36.2 

i 58 

92.8 

0.25 ml. agar extract 

24.5 

19.7 

24 

96.0 

0.125 ml. agar extract 

16.9 

12.1 

9.9 

79.9 

0.025 ml. agar extract 

10.3 

5.5 

2.8 

112.0 

None 

4.8 




0.005 mierogram biotin 

12.8 

8.0 



0.01 mierogram biotin 

15.2 

10.4 




agar extract added per culture and the quantity of biotin per nil. of agar 
extract as calculated from the growth of A. gossijpii are given. 

The average amount of biotin per ml. of agar extract as estimated by this 
means was 0.095 mierogram. Since 1 ml. of the extract was equivalent to 1 g. 
of original agar the biotin content of the original agar also was 0.095 micro- 
gram or 1 g. of biotin in about 10,526 kg. of agar.® 

Kogl and Tonnis (8a) estimated 1 g. of biotin in 3,125 kg. of dried egg 
yolk. On the basis of these figures the Difco agar we used contained about 
one-third as much biotin as dried egg yolk, the source from which. Xogi and 
Tonnis originally isolated it. 

Ill the experiments described above in Avliieh agar extract or biotin was 
added to pure agar it was observed that the growth in 8 ml. of medium con- 
taining 1 per cent agar extract was somewhat better than in the same quan- 
tity of medium plus 0.004 mierogram of biotin. Eight ml. of 1 per cent agar 
extract contained 0.08 ml. of agar extract, or 0.0076 mierogram of biotin, a 
quantity sufficient to give the results observed. 

6 Du Vingneaiid, using growth of yeast for bio-assay, found the biotin content of this 
agar extract to be 0.041 mierogram per mb, about one-half the value we obtained from the 
growdh of Ashby a. A sample of Eimer and Amend flake agar contained about one- 
twentieth as much. 
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Effect of hiotin or agar extract in liquid cultures. That a biotin deficiency 
is responsible for the failure of the (V) strain of F. avenaceum to grow in 
liquid ciiltiire lacking organic substances other than sugar and that its biotin 
content is primarily but not entirely responsible for the beneficial effect of 
agar was further demonstrated by the following : 

The (V) strain was grown in 25 ml. quantities of solution 2, solution 2 
plus 0.01 microgram of biotin per flask, solution e3, and solution 3 plus 0,01 
micrograin of biotin per flask. A suspension of spores from a culture on 
solution 2 solidified with 1.5 per cent purified Difco agar plus extract equiva- 
lent to 15 per cent agar was used as inoculum. The experiment was per- 
formed in triplicate. The spores germinated but very little mycelium devel- 
oped ill the solutions without biotin. Considerable growth occurred in the 
solutions with biotin ; the growth in solution 3 was spine what better than in 
solution 2. 

TABLE 4 

Groivtli of F, avenaceum in solutio7is supplemented with pure biotin, ivitJi agar ex- 
tract, or with pure biotin and mineral supplements. Age 7 days. 


Additions to 25 ml. of solution 3 

Amt. biotin in 
agar extract 
det ^d by growth 
of Ashby a 
microgram 

Amt. biotin in 
agar extract 
det n by dii 
Vigneand 
mic-rogram 

Av. dry wt. 
mycelium per 
culture mg. 

None 



No growth 
1.4 

0.001 mierograni biotin 



0.005 microgram biotin 



3.6 

0.01 microgram biotin 



6.7 

0.05 microgram biotin 



16.7 

0.1 microgram biotin 



21.7 

0.0125 ml. agar extract 

0.00119 

0.0005 

10.6 

0.0250 ml. agar extract 

0.00238 

0.0010 

11.8 

0.0625 ml. agar extract 

0.00595 

0.0025 

17.9 

0.125 ml. agar extract 

0.0119 

0.0051 

24.9 

0.25 ml. agar extract 

0.0238 

0.0103 

29.1 

0.5 ml. agar extract 

0.0476 

0.0205 

35.4 

1.25 ml. agar extract 

0.1190 

0.0513 

53.1 

0.1 microgram biotin and mineral 




supplements 



22.6 


Ill a second experiment various amounts of biotin or agar extract (table 
4) were added to 25 ml. quantities of solution 3 and the cultures iiiociilated 
with a suspension of spores as before. To one set of cultures containing 0.1 
niicrogram of biotin per flask the following mineral supplements were added 
per liter: 0.027 p.p.m. B, 0.106 p.p.m. Cu, 0.800 p.p.m. Fe, 0.053 p.p.in. Ga, 
0.053 p.p.m. Mil, 0.053 p.p.m. Mo, 0.479 p.p.m. Zii. The experiment was per- 
formed in quadruplicate. Dry weights were determined after 7 days incuba- 
tion at 25° C. 

The spores geriiiinated but no weighable mycelium was obtained in the 
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cultures with no organic material except dextrose. In the flasks containing 
0.001 inicrogTam of biotin 1.4 mg. of inyceliuni was secured^ and the anioiint 
of groAvth increased with the quantity of biotin supplied up to 21.7 mg. with 
0.1 niicrogram of biotin. The addition of the mineral supplements to cultures 
containing 0.1 microgram of biotin made no significant improA^ement. This 
suggests that mineral supplements were not responsible for the superiority 
of agar extract as compared to pure biotin. The addition of 0.0125 ml. of 
agar extract (1.25 mg. dry matter) per flask permitted 10.6 mg. of mycelium 
to develop and the amount of groAAdh increased AAuth the amount of agar 
extract up to 53.1 mg. of mycelium AAuth 1.25 ml. of agar extract per flask 
(table 4). 

In the second column of table 4 the amount of biotin supplied by the 
agar extract per culture is given as calculated from the determinations in 
table 3, and in the fourth column as determined by du Yigneaud. It is evi- 
dent that groAvth with the agar extract AA^as greater than Avould be expected 
from its biotin content. For example, a yield of 17.9 mg. mycelium Avas 
obtained AAuth 0.00595 mierogram of biotin in the agar extract,, AAhile the 
yield AAuth 0.005 mierogram of pure biotin Avas but 3.6 mg. ; 53.1 mg. of 
mycelium Avere obtained Avith 0.119 mierogram of biotin in the agar extract 
AAhile 0.1 mierogram of pure biotin gave 21.7 mg. 

Effect of Ca and Dr fractions. That other groAvth substances than biotin 
aifeet the groAAdh of F, avenaceimi is further supported by the action of tAvo 
fractions obtained from potato extract as described earlier (17). The Ca 
fraction in the amount used AA’as quite beneficial, the Dr fraction Avas ineftec- 
tiA^e and eombined they gave greater groAvth than either alone and as great 
as or greater than the most favorable amount of agar extract (table 1). The 
Ca fraction probably contained biotin as AA^ell as other groAvth substances, 
since it is a charcoal eluate from an extract of potato tubers. The Dr fraction 
contained little or no biotin, since it is the filtrate from the eharcoal-treated 
potato extract. It is of some interest to contrast the effect of these fractions 
on F. avenaceimi and on Phycomyces Blake sleea mis. The latter organism Avas 
affected by the Dr fraction to a considerably greater degree than by the Ca 
fraction (17). 

Mutation of strain (V) a.nd hiotin deficiency. In the course of our experi- 
ments it was observed that an inoculation from a subculture of strain (Y) 
greAA^ satisfactorily in solution 2 although inoculations from the parent cul- 
ture made earlier into the same medium had not groAvn. This variant from 
strain (Y) greAv also on solution 2 solidified AAuth purified Difeo agar; on 
solution 2 solidified with 1.5 per cent Difeo agar it grcAv more rapidly than 
strain (Y) and had a less tufted and more uniform cottony AAdiite aerial 
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mycelium. Both produced considerable reddish pigment. A second variant 
appeared which grew on purified agar but was without pigment. 

It was noted also that in one or two tubes of a half-dozen containing solu- 
tion 2 and 1.5 per cent purified agar vigorous growth had occurred after a 
month, though for two weeks the inoculum had shown little growth and in 
the balance of the tubes the development was still slight after a month. 

Furthermore, although on some media, for example those to which extract 
equivalent to 5 or 15 per cent agar had been added, the growth was uniform, 
on other media considerable local differences in color or character of myce- 
lium appeared as the cultures aged. 

The following explanations for these observations were considered. 

The original culture of strain (V) might have been mixed, containing 
an organism with a biotin deficiency and others which were self-suffieient 
so far as that groAvth substance was concerned. This did not seem probable 
because of the difficulty of conceiving that the self-sufficient strains in such 
a mixture lay dormant on a biotin deficient medium for a week or more and 
then sprang into active growth, as occurred in some instances in old tubes 
containing solution 2 and purified agar. It was thought unreasonable also to 
expect several inoculations made from a culture of strain (V) to fail to grow 
in solution 2, which would mean that only the biotin-deficient element of the 
mixture had been transferred, while inoculations made from a subculture 
of the parent culture grew in the biotin-deficient medium. 

It might be suggested that strain (Y) became contaminated in the course 
of an experiment. This was considered unlikely because no other Fiisaria 
than the three strains mentioned were in culture in the laboratory and most 
of the variants isolated from strain (Y) were clearly different from strains 
(M) and (N) as well as (Y). 

It was thought also that strain (Y) might possess a limited ability to 
synthesize biotin and that after two or three weeks on a biotin-deficient 
medium sufficient biotin might have been accumulated in the mycelium used 
as inoculum to permit growth to occur. However, the rapidity of growth once 
it started and the fact that subcultures from this growth were morphologi- 
cally different from strain (Y) made such an explanation untenable. 

The fourth explanation considered was that strain (Y) was unstable 
and produced saltations, dissociations, or mutations some of which were 
self-sufficient for biotin. Mutation is a well-known and common phenomenon 
in the Fiisaria . Burkholder (3), Brown (2), Leonian (9), Sahai Yasudeva 
(19), Snyder (20) , Orton (12), and others have contributed observations on 
its occurrence. The validity of this hypothesis was tested as follows: 

3 iono-ep 7 iidial ctiU^^ Two single-spore isolations from strain (Y) were 
made. For this purpose a maero-eonidium from a culture on solution 2 
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solidified with. 1.5 per cent purified agar and containing extract equivalent 
to 15 per cent agar was used. Each mono-conidial isolation was grown on a 
tliianiin-peptone agar. At intervals bits of mycelium were removed from 
each isolation and transferred to 5 slopes of solution 2 containing 1.5 per 
cent purified agar. The followdng results w^ere obtained. 

Five transfers from each monoconidial isolation were made to solution 2 
containing 1.5 per cent purified agar wdien the cultures were two days old. 
These transfers grew slowly and by the end of 12 days the raised convoluted 
colonies were all of about the same size and aA^eraged 1 cm. in diameter. By 
the end of 19 days three of the ten transfers shoAved evidence of a spreading 
surface growth and several Avere surmounted by Avhite tufts but no colony 
had completely coA^ered the agar slope. After a month eight of the ten had 
nearly covered the surf^ice of the slope, the new growth consisting of reddish 
mycelium closely appressed to the agar. Transfers made from this later 
groActh grew Avell on purified agar, indicating that a strain or strains self- 
sufficient for biotin had developed from the original biotin-deficient strain. 
Similar transfers Avere made from the monoconidial isolations Avhen they 
Avere 4, 7, 9, 14, 21, and 28 days old, making a total of 70 transfers to purified 
agar from the monoconidial cultures on thiamin-peptone agar. One only of 
these 70 subcultures grcAV rapidly Avithin the first Aveek after transfer, Avhieh 
suggests that a mutation had occurred on the thiamin-i^eptone agar and had 
been transferred to the purified agar. Thirty-five of the remaining 69 eul- 
tures on the purified agar grew sloAvly for one, tAvo, or tliree Aveeks and then 
greAv rapidly, covering the surface of the agar slopes (fig. 5). Transfers to 
purified agar from the rapidly spreading mycelium of these cultures grcAV 
well, shoAving that mutation to a type capable of growing on a biotin-deficient 
medium had occurred (fig. 6). Transfers from the convoluted colonies Avliich 
were groAving sloAvly on the purified agar to the same medium either grcAV 
slowly or failed to groAv. It is possible that all 69 of the transfers Avoiild liaAm 
developed biotin-sufficient mutations if they had been observed for a longer 
period of time. 

It is not possible to say that mutations occurred more frequently on the 
biotin-deficient medium, although the data cited aboA-e Avould seem to sup- 
port that assumption. It should be remembered that on the biotin-deficient 
medium a mutation of strain (V) tOAvard biotin sufficiency became evident 
because it spread over most of the agar surface. On a niediiim contaiiiing 
biotin a similar mutation Avould be OAmrlooked and found by accident onfy. 
It is obvious that many questions on the type of mutation of F . avenaceum 
observed here remain to be studied. 

The sloAV growth of strain (Y) on the purified agar indicates either that 
biotin was not completely removed from the agar by the method of extrac- 
tion employed or that the organism is able to synthesize a small and insuffi- 
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Fig. 5. Mutation of strain (V) to biotin-sufficient form. Five transfers from 9-daY-old 
mono-conidial culture of strain (V) on thiamin-peptone agar to solution 2 plus purified 
agar. Age of transfers 12 days. Note that 4 of transfers have grown slowly and one has 
developed spreading growth over surface of agar. Transfer B resembled A, C, D, and E 
for first 7 days. Fig. 6. Cultures of strain (V) on solution 2 plus purified agar. B, 
mutating culture shown in figure 5. A, transfer from culture B when it was 2 days old 
before mutation developed; C, transfer from culture B when it was 9 days old aftei 
mutation had developed. Age of culture A was 7 days and of C was 3 days. 
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. cient anioiiiit of the growth substance. The failure of the spores to do more 
than germinate in a liquid culture lacking biotin suggests that the former 
interpretation is perhaps correct. 

DISCUSSION 

Biotin deficiencies have been reported for a number of filamentous fungi 
including Nematospora gossypu (AsJihya gossypii) and Lopliodermhim 
pinastri (8), Melanconmm l)etiilimini and Hypoxylon priiinatiim (4), 
Marasmius androsaceus and Marasmius perforans (11), Melayiospora destru- 
ens, Fodospora curvula, Sordaria fimicola, and Sordaria sp. (6). The work 
reported in this paper adds at least one strain of Fusarium avenaeeum to 
this list. 

Differences in growth substance deficiencies for strains of a given fungus 
also have been reported. Lindeberg (11) found one strain of Marasmms 
perforans to be biotin deficient while other strains of the same organism 
were autotrophic for that substance. Hawker (6) found some strains of 
Melanospora destruens to be biotin autotrophic while others were biotin 
deficient. Houston (7) reported one strain of Corticium vagum to require 
the addition of thiamin to the medium while others grew satisfactorily with- 
out its addition. 

Mutations in the fungi resulting in a change in growth substance defi- 
ciencies are not unexpected but have not hitherto been reported, though 
Leonian and Lily (10) suspected the occurrence of such mutations in some 
of their experiments. It seems very probable that fungi differ considerably 
in their stability with regard to growth substance deficiencies. We have 
cultivated Phycomyces Blakesleeamis for over 6 years and have never 
observed a change which permitted it to grow in the absence of thiamin. 
Williams (22) states that strains of Sacckaromyces cereviseae have been cul- 
tivated in his laboratory for more than 15 years without changing their char- 
acteristics. However, the demonstration that mutations involving changes 
in the ability to synthesize growth substances do occur is of importance in 
the use of microorganisms for bio-assays, the study of the growth-substance 
deficiencies of microorganisms, and the investigation of the adaptive pro- 
duction of enzymes. 

The development from the biotin-deficient (V) strain of Fusarium 
avenaeeum of mutations which w^ere autotrophic for that growth substance 
raises the question as to whether the (M) and (N) strains %vhich also were 
biotin autotrophic may not have been derived by mutation from a biotin- 
deficient strain similar to the (V) strain. It is of intei^est to record that in 
our experiments we obtained from the (V) strain a biotin-autotrophic 
variant which closely resembled in general appearance, habit of growth, 
and spore form the (M) and (N) strains. 
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The presence of biotin in agar was previously reported by Allison and 
Hoover (1), Hawker (6), and Bobbins (16). To find in some samples of agar 
as large an amount as reported here is somewhat surprising and emphasizes 
again the necessity of regarding agar as far more than a convenient nieaiis 
of solidifying a liquid medium. 

Although the favorable effect of agar on the growth of F. avenaceuni 
can be ascribed primarily to its biotin content our observations show that 
Difco agar is more effective than can be accounted for by its biotin content. 
It seems probable that this is due to the presence in agar of unidentified 
growth substances, since the addition of a readily available source of organic 
nitrogen (asparagine) or of mineral supplements to purified agar containing 
biotin did not improve the growth of Fiisarium. One of the authors (16) 
has reported unidentified growth substances in agar which affect the devel- 
opment of Phycom/yces, and these may be responsibfe also for that portion 
of the effect of agar on Fusarium which cannot be accounted for by the biotin 
in the agar. 


SUMMARY 

A strain of F. avenaceicm did not grow in a mineral-sugar solution but 
grew in the same solution solidified with agar. The beneficial effect of the 
agar was primarily due to its biotin content. Some samples of agar were 
found to contain as much as 0.1 microgram of biotin per gram. The strain 
of F, avenaoeiim studied was favorably affected b}^ 0.001 rnicrograni of pure 
biotin methyl-ester, but greater effects were obtained with larger amounts 
of biotin. Extraction of agar with aqueous pyridine removed all or almost 
all of the biotin. Agar extract had a greater beneficial effect than could be 
accounted for by its biotin content. This may be the result of unidentified 
growth substances which are probably not pyridoxine, pantothenic acid, 
thiamin, nicotinamide, para-aminobenzoic acid, pimelic acid, i-inositol, ribo- 
flavine, glutamine, vitamin Kt, or ascorbic acid. Mutations which grew on a 
biotin-deficient medium were observed. 

New York Botanical Garden 
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Department of Botany, Columbia University 
New York 
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RED~BLOTCH OF HIPPEASTRUM 

Thomas Laskaris and B. 0. Dodge 

; (with PI\^ figures)^ 

• As a rule Species of Hipperntrum are rarely affected by any serious 
fungous disease. In March, 1941, Mr. E. Delafield of liiverdale-on-the-Hud- 
son called, our attention to a disease which was causing* extensive damage to 
his collection of IlippeasPhim (spring-flowering amaryllis). The plants, 
grown from" bulbs purchased from Florida, showed various stages of a dis- 
ease which affected the flower scapes, leaves, and bulb scales. A few weeks 
later similar symptoms were noted in a .shipment obtained 

from Florida and grown at the New York Botanical Garden. Microscopic 
examination of diseased tissue revealed the presence of brown pyenidia of 
a fungus identified as Stagonospora curiisUy which was also readily obtained 
in pure culture from plantings of sterilized diseased tissue. The spores of 
this species are classed under the hyalophragmae, hut one- and two-cell ed 
spores are often very common. 

In this country Stagonospora curtisii has been described as a rather mild 
pathogen of amaryllis, forming conspicuous but rather small bright red 
spots which blemish and occasionally deform the leaves, scapes, and flowers 
of otherwise perfect plants. Leaf scorch, an important disease ot JS^arcissiis^ 
is also. caused b.y S. curtisii. 

We were unable to find a description of a severe form of this disease on 
Hippeuistricm such as has come under our observation. The symptoms which 
characterized the disease were the severe stunting and distortion of the 
flower stalks. Affected stalks did not make a normal upright growth but 
grew at an angle, some almost at a right angle to the main axis of the plants 
(fig. 1). This type of injury was found associated with cankers that had 
developed on oiil}' one side of the stalks. The fact that the cankered side of 
the young stalks is unable to grow as rapidl}" as the uninjured side doubtless 
accounts for the curvature in the affected stalks. A similar curvature of the 
stalk may result from injury at the point of emergence, a rough red bruise 
which may be confused with the canker caused by Stagonospora. The young 
flower shoots of Eippeastrum are very tightly compressed by the enveloping 
bulb scales, and, as they emerge, sand or other foreign particles caught 
between a stalk and the bulb scales ma 3 ^ cause a scouring or roughening of 
the epidermis and the tissue beneath ; the resultant unequal growth would 
cause the curvature and stunting shown in figure 5. It is quite probable that 
such injuries provide a favorable point of entry for Stagonospora ctiTtisii, 
which may be present oiX' the bulb scales. The fungus can attack the bulb 

1 Publication of the figures was assisted by the Liieien M. Huderwood Memorial Fund. 
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scales and probably lives tlirougli the dormant period by this means. Some 
cankers are well developed by the time that the young* shoot has emerged, 
which indicates that the fungus has been at work for a considerable period 
of time. The degree of the curvature of the stalk appears to be closely cor- 
related with the size of the canker. 

The cankers themselves are very striking in appearance. Young cankers 
are bright red or vermillion in color, but as they enlarge and elongate the 
center of the lesion becomes soft, brown and sunken. In still later stages a 
mat of the white or brownish gray mycelium of the causal organism develops 
in the center, while the borders of the canker retain the pronounced red color 
(fig. 1). Cankers have been observed several inches in length and from one- 
quarter to one-half inch in diameter (fig. 3). Elongated red spots on the 
leaves (fig. 4) and red streaks on the scapes, similar to those usually de- 
scribed as characteristic of this disease, were also observed. The flower buds 
borne on cankered stalks may open normally and persist in good condition 
for as long a period as those of healthy plants. 

The pathogenicity of the fungus which was isolated has been established 
by inoculating amaryllis leaves with its mycelium and spores. Freshly 
wounded and sound leaves were inoculated with mycelium from cultures on 
potato-dextrose agar. Leaves of the eontml plants were wounded or left 
unwounded, and sterilized agar was placed on the injured as well as on the 
uninjured parts. Bell jars were placed over all the xdants and removed after 
48 hours. Within twenty-four hours distinct watersoaked areas were evident 
around the wounds. These spread rapidly, and eventually involved the 
greater part of the leaves. The centers of the lesions became necrotic and 
reddish brown, while the tissues around the necrotic regions were yellowish 
red in color. Similar lesions developed on leaves that were inoeulated with- 
out wmunding. Three weeks after inoculation the inoculated leaves were 
dead and dry, while no disease appeared on the controls. Repetition of these 
experiments with leaves cut from healthy plants and inoeulated in moist 
chambers gave similar results. 

Plants were also sprayed with a suspension of ground mycelium and 
pyenidia of the fungus. Bell jars were placed over inoeulated and uninocu- 
lated plants and removed after 48 hours. Symptoms of infection of the 

Explanation of figures 1-5. 

Pig. 1. Bed blotch canker at the base of a flower stalk which has been stunted and 
bent at right angles. Several small reddish spot infections may be seen on the flower stalk 
above the canker. Fig. 2. Canker at the base of flower stalk artificially infected. Mat of 
mycelium plainly visible on the surface. The stalk was considerably bent sidewise. Fig. 
3. Canker on a flower stalk from Mr. Belafleld’s collection. A mass of mycelium covered 
some of the surface of the canker. Fig. 4, Leaf blotch which induces kinking of the leaf 
at the point of infection. Fig. 5. Bending and stunting of the flower stalk primarily due to 
mechanical injury to the epidermis and underlying tissue of the stalk as it emerges from 
the bulb. 




466 


BULLETIN OF THE TORREY CLUB 


[VOL. 68 


inoculated x>lants appeared in less than a week. Hundreds of iiiiniite red 
spots or streaks then developed on the flowers^ scape, and leaves. These 
enlarged during the ensuing weeks and disfigured the plants considerably. 
On the controls no symptom of disease appeared during the same period. 

Since large cankers did not develop on any of the plants so inoculated, 
another experiment was made. A young flower shoot that was just emerging 
was injured at its base by scraping the epidermis lightly with a sterile 
scalpel, and a small square of an actively growing agar culture of 8. ciirtisii 
w^as placed on the wounded surface. Figure 2 shows the canker that devel- 
oped on this shoot after two weeks. As the canker increased in size, the stalk 
ceased growing in an upright direction and became bent at an angle away 
from the main body of the plant, thus producing the effect observed on plants 
naturalljT- infected with canker. 

The followung genera of the Amaryllidaceae are known to be susceptible 
to Stagofiospora A^naryllis^ Crinum, Galanthus, Hippe- 

astrimif HymenocalUs^ Leueojitni, Lycoris, Narcissus^ Pancratium, Stern- 
l)ergia, Sprekelia^ Zepliyranilies, and Eucharis. Smith, ^ who studied the 
host range of this fungus extensively, was unable to obtain infection when 
he inoculated species of a number of Liliaeeae, including Hemerocallis 
aurantiaca. A number of H. f idva seedlings inoculated by us under con- 
ditions favorable to infection failed to become diseased. 

The New York Botanical Garden 
New York 

1 0. 0. Smith. Inoeulations of Staffonospora ciirtisii on tlie Amaryllidaceae in Cali- 
fornia. Phytopathology 25: 262-267. 1935. 



DESCRIPTIONS OF TROPICAL RUSTS— IV^ 

George B. Cummins 
(with four figures) 

Phakopsora cherimoliae (Lagerh.) Cummins, comb. iiov. (TJredo chert- 
moliae JjageTK, Bull. Soc. Myc. Fr. 11: 215. 1895; Uredo cupulaia Ellis & 
Ev., Field Mus. Publ. Bot. 2 : 16. 1900 ; Physopella cherimoliae Artli., Result. 
Sei. CongT. Bot, Yienne 338. 1906.) 

Telia developing in the base of old uredia or usually separately in hypo- 
pliyllous, subepidermal, reddish brown crusts 0.1-1 mm. in diameter and 3-6 
spores in thiekness, the outer layers of spores golden- or light chestnut-brown, 
the basal layers paler; teliospores cubical, oblong ot; obiong-ellipsoid, 7-13 
X 13-23 jj ; wall 1-2 u thick or slightly thicker apically in the outermost 
spores. 

On Anofia cherimolia, Guatemala: Moran, Feb. 11, 1905, W. A, Keller- 
man 5463. 

This rust is not uncommon, in the uredial stage, in tropical regions of the 
Americas from Florida to Ecuador. 

Angiopsora compressa Mains, Mycologia 26: 129. 1934. {'Uredo paspali- 
cola P. Henn., Hedwigia 44: 57. 1905; Uredo stevensiana Arth., Mycologia 
7 : 326. 1915 ; Puccinia compressa Arth. & Holw. ; Arthur, Proc. Am. Phil. 
Soc. 64: 157. 1925; not Puccinia compressa Diet., Ann. Mye. 5: 245. 1907; 
P. paspalicola Arth., Manual Rusts U. S. & Canada p. 127. 1934, in part.) 

In a previous paper (Bull. Torrey Club 67 : 607. 1940) this rust was 
recorded for the first time in North America from Guatemala. It was stated 
then that it might have been previously collected but referred to Puccinia 
paspalicolsi (P. Henn.) Arth. (P. tubidosa (Pat. & Gaill.) Arth.). Subse- 
quent examination of the rusts of Paspalum in the Arthur Herbarium 
proved that A. compressa is of common occurrence in tropical regions of 
the Americas but had been confused with various species. The species 
usually occurs in the uredial stage only, but I have seen telial specimens 
from Bolivia, Guatemala, and Puerto Rico. 

As a result of these studies the above synonymy is presented. The known 
hosts and distribution are as follows: Axonopus compressus: Guatemala, 
Louisiana (U.S.A.), Puerto Rico; Paspalum conjiigatiim: Brazil, Cuba, 
Florida (U.S.A.), Guatemala, Dominican Republic, Panama, Peru, Puerto 
Rico, Venezuela; P. clecumhens: Venezuela; P. distichophylliim: Brazil; 
P. elongatum: Bolivia; P. fas ciculatum: Guatemala; P. himiholcltianiim: 
Bolivia, Guatemala, Mexico, Venezuela; P. paniculatum: Puerto Rico, Vene- 
zuela; P. plicatulum: Brazil, British Honduras, Cuba, Puerto Rico; P. 
trachycauleon: Venezuela; P. virgatum: Bolivia; P. sp. : Guatemala, Texas 
(U.S.A.), 

Hemileia oxyanthi Cummins, sp. nov. Urediis hypophyllis, partes 
minores foliorum dense obtegentibus, pallide flavidis, minutissimis, per 

1 Contribution from tlie Department of Botany, Purdue University Agricultural 
Experiment Station, Lafayette, Indiana. 

Tlie third article of this series was published in Bull. Torrey Club 67: 607-613. 1940. 
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stomata eriiinpentibiis ; iirediosporis in apiee liypliariim faseiciilatiin 
erumpeiitium ortis, obovoideis, triangularis vel ellipsoideis, 18-23 x 24^29 [j; 
membranis iiyalinis vel dilute flavidis, 1.5-2.5 }j cr.^ parte superiore moderate 
aeuleatis, inferiore minuteque echinulatis vel fere levibus. Teliis adliuc 
igiiotis. 

On OxyantJius speciosns, Uganda: Entebbe Eoad, August 1940, C. G. 
Hansford 2784, Type specimen deposited in the Arthur Herbarium, the 
Herbarium of the Imperial Mycologieal Institute, and the Myeological 
Collections of the Bureau of Plant Industry, United States Department of 
Agriculture. 

The sori usually occur in small, dense, interveinal groups but are 
occasionally somewhat more scattered. This specimen was made available 
through the courtesy of Dr. John A. Stevenson of the Bureau of Plant 
Industry. 

Puccinia aspiliae-l^tifoliae Cummins, comb. nov. {Vredo aspiliaedati- 
foliae Cummins, Bull. Torrey Club 68: 47. 1941.) 

Telia not seen; teliospores in the uredia clavate or oblong-ellipsoid, 
rounded above, narrowed below, moderately constricted at the septuin, 16-22 
X (34-) 38-52 jj; wall 1-1.5 jj thick at sides, thiekened to 3-5 q at apex, 
yellowish or pale golden, smooth ; pore apical in upper cell, next the septum 
in the lower cell ; pedicel shorter than the spore, hyaline or yellowish, tliin- 
walled. The teliospores germinate at once. 

On Aspilia latifoUa, Sierra Leone : Sefadu, Dec. 6, 1938, F. C. Deighton 
1658, 

Aside from charaeteristics mentioned in the description {l.c.) of the 
uredia this rust also differs from other species described on Aspilia because 
of narrower teliospores whose apical wall is only moderately thiekened. 

The specimen was made available through the courtesy of Dr. G. R. 
Bisby of the Imperial Mycologieal Institute. 

Puccinia henryae Cummins, sp. nov. (Pig. 1.) Uredia hypophylla, sparse, 
rotundata, 0.1-0.3 mm. diam., pulverulenta, obscure einiiamonieo-bruniiea ; 
urediosporae gioboideae vel late ellipsoideae, 25-32 x 28-36 n ; membrana 
cinnamomeo-brunnea, 2.5-3 q cr., moderate echinulata ; poris germ. 2, 
aequatorialibus. Telia hypophylla, sparse vel plus miniisve aggregata, 
rotundata, 0.3-0.5 mm. diam., pulvinata, flavida; teliosporae clavatae vel 
oblongo-clavatae, ad apicem rotundatae, deorsum atteniiatae, medio leniter 
constrictae, 18-25 x 40-50 ; membrana 1.5 q cr., ad apiceiii 5-8 q er., 
flavidula vel fere hyalina, levi; poro superiore apicali, inferiore juxta 
septum sito ; pedicello persistenti, hyalino, sporain aequante. Statim germ. 

On Henrya mhricans, Guatemala: Laguna (Lake Amatitlan), Dept. 
Amatitlan, Jan. 20, 1906, TP. A. Kellerman 5J.90. Type deposited in the 
Arthur Herbarium. 

This appears to be the first rust recorded on the genus Henrya and 
there is no species of Pimclm'a on other genera of the Acanthaceae to which 
it can be referred. 

The identity of the host ’was recently verified by B. C. Leonard of the 
U. S. National Museum. 

Puccinia opipara Cummins, sp. nov. (Pig. 2.) Uredia hypophylla, sparsa, 
ovoidea, 0. 1-0.4 mm. longa, flavida; urediosporae late ellipsoideae vel 
ellipsoideae, 25-31 x 31-40 (-43) q ; membrana 1-1.5 q cr., pallide flavida 
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Tig. 1. Teliospores of Fuccinia henry ae, tvifo of which have germinated and collapsed. 
(From type.) x 800. Fig. 2. Teliospores of Fucemia opipara. The wall is rather opaque 
and has a peculiar smoky tint. (From type.) x 800. Fig. 3. Photograph of a freehand, 
unstained section of the telia of TJromyces hermudiamis, showing the substomatal position 
and thin peripheral layer of brownish, peridium-like hyphae. These sori are individual and 
not locules in a compound telium. (From type.) x 800. Fig. 4. Teliospores of Vromyees 
CTiiohshanTcsiae. The spores actually are faintly and longitudinally striate. (From type.) 
X 800. 
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vel fere liyalina, moderate eehinulata ; poris germ, plus iiiiiiiisve obsciiris, 
3 vel 4, aequatorialibus. Telia bypopliylla, sparsa, pulvinata, rotuiidata 
vel oblonga, 0.3~0.8 mm. longa, atro-brunnea ; teliosporae ellipsoidea,e, 
iitriiique rotimdatae vel deorsmn leniter atteimatae, medio non vel vix 
constrietae, 23“28 (~31) x 33-44 q; membrana 2-3 q cr., ad apicem *^7 q, 
obscure castaneo-brunnea, levi; poro superiore apicali, inferiore juxta 
septum sito; pedieello sporam aequante vel longiore, pallide flavido, per- 
sistenti. 

On Oplismemis minaruniy Bolivia : Sorata, Apr. 17, 1920, E.W.D, & 3£ary 
M. Holway 541 (type) ; Coroico, Prov. de Nor Yungas, June 14, 1920, E.W.I). 
& Mary M. Holway ex 735, Type deposited in the Arthur Herbarium. 

The specimen taken as the type was originally reported by Arthur 
(Proc. Am. Phil. Soc. 64: 169. 1925) as Fuccmia inclita Arth. but was 
later issued in Eeliquiae Holwayanae no. 82 as Piiccinia levis (Sace. & 
Bizz.) Magn. The second specimen cited was separated from Plolway^s no. 
735 which Arthur (Ic. f. 176.) r*eported correctly as P. levis. 

P, opipara is unlike previously described rusts on Oplismemis, Its 
teliospores have a general resemblance to those of P. inclita but are con« 
siderably darker in color, are more opaque and have a peculiar smoky tint. 
The urediospores of P. inclita are significantly smaller (22-26 x 24-32 q). 

Uromyces bermudianus Cummins, sp. nov. (Fig. 3.) Uredia euimicola, 
sparsa, ovoidea vel linearibus, 0.4-1. 5 mm. longa, bullata, epidermide 
elevata conspieue, cinnamomeo-brunnea ; urediosporae ellipsoideae vel 
oblongo-ellipsoideae, 16-20 (-22) x (26-) 28-35 (-37) q; membrana pallide 
cinnamomeo- vel aureo-brunnea, minuteque eehinulata ; poris germ. 4 vel 5, 
aequatorialibus. Telia eireum uredia denseque aggregata, subepidermalia, 
indehiscentibus, rotundata, 40-60 x 55-80 q ; teiiosi^orae oblongae vel 
cylindraeeae, 14-20 x (30-) 35-50 (-55) q; membrana Iq cr., ad apicem 
2-4 q cr., aureo-brunnea vel ad basim flavidula, levi ; pedieello persistent!, 
brevi, 5-10 q longo, briinneolo. 

On Cy perns panicitlaUis, Bermuda: Paget Marsh, Nov. 28, 1940, F. J. 
Seaver & J. M. W aversion 351. Type deposited in the Arthur Herbarium and 
the Herbarium of the New York Botanical Garden. 

Uromyces bermndiamis is quite unlike any previously described species 
of Uromyces on Cy perns because of the indehiseent, siibstomatal, minute 
telia. The telia are individual, i.e. not loeules separated by stromatoid 
paraphyses, and have only a thin peripheral layer of brown peridium-like 
cells. Maeroseopically, however, they are greyish black and simulate niulti- 
lociilate telia because they are so uniformly distributed about the uredia. 
Through confluence the telial spots may become continuous over areas 
several millimeters in length. 

While there is no similar Cy perns rust there is a morphologically related 
species, 77. Speg., on Scirpus (see Cummins, Mycologia 27: 611. 

1935). 17. americanus has similar sori but wuth the teliospores somewhat 
and the urediospores much longer. 

Uromyces cruckshanksiae Cummins & Boiiar, sp. nov. (Pig. 4.) Pyenia 
aequaliter sparsa, subepidermalia, amphigena, gioboidea, 130-160 q diam., 
ppaphysata. Aecia plerumque hypophylla, ubiqiie aequaliter denseque 
distributa, cupulata, 2.5-4 mm. diam., peridio lacerato vel plus miiiusve 
recurvato, eellulis peridii firme conjunctis, oblongis, cuboideis vel poly- 
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hedricis, 16-25 x 23-36 |j, pariete interiore verriicoso 2.5-3.5 ^ er., exteriore 
minuteqiie striato 6-8 jj cr. ; aeeiosporae gioboideae, ellipsoideae vel obloDgae, 
17-22 X 19-27 p ; membrana 1-1.5 p er., minuteqiie verriieosa. IJredia non 
visa j iirediosporae gioboideae vel late ellipsoideae, 24-33 x 29-38 p ; inem- 
brana 2. 5-3. 5 p er., liyalina vel pallide fiavida, moderate eeliinulata; poris 
germ, obseuris. Telia ainphigena, ubique aequaliter denseqiie distributa, 
piilveriilenta, eastaneo-brunnea, rotundata, 0.2-0.4 mm. diam. vel coiiiiiienti- 
bus ; teliosporae ellipsoideae, ovoideae vel oblongo-ellipsoideae, 17-23 x 23-30 
(-34) p ; membrana 1. 5-2.5 p er., ad apieem 3-6 p er., obscure cinnamomeo- 
vel eastaneo-brunnea, minuteque longitudinaliter striata vel sublevibiis ; 
pedieello hyalino, brevi, fragili. 

On Criickshayihsia h’ustillosi, Chile: Prov. Coquimbo, Dept. Illapel, 
La A^ega Eseondida, three hours by horse east of Cuncumen, Dee. 20, 1938, 
/. L. MofTison 16963; on C. palma, same locality and date, rj. L. Morrison 
16959 (type). Type deposited in the Arthur Herbarium and the Herbarium 
of the University of California. ® 

Notes made by the collector coneerning the effect of this systemic rust 
on C. 'bustillosi are as follows: '‘Perennial herb. 0.1 in. fl. pink bracts; Ivs. 
with rust are erect, the others prostrate; fls. with larger deeper colored 
bracts in rust-infected plants. ’ ’ 

Cruohshanksia, a rubiaeeous genus of the Chilean xVndes, has not been 
recorded previously as a host for species of the Uredinales nor have species of 
Vromyces, with which JJ. cruckshanksiae can be confused, been described 
on Rubiaceae. 

Uredo roupalae Cumm. (Bull. Torrey Club 64: 43. 1937) is synonymous 
with Uredo maiiriae Syd. and the host is Mauria glauca rather than 
Eoupala v e raguensis. 

• Aecidium archibaccharidis Cummins, sp. nov. Pycnia plerumque liypo- 
phylla, subepidermalia, 90-125 p diam., paraphysata. Aecia hypophylla, in 
maculis fiavo-brunneis usque ad 1 cm. diam. aggregata, cupulata, 200-250 p 
diam., margine recurvato; eellulis peridii hrme conjunctis, fiavidis, oblongis 
vel oblongo-ellipsoideis, 20-27 x 40-48 p ; pariete interiore moderate ver- 
rucoso 3-4 p cr., exteriore striato 3-5 p cr. ; aeeiosporae gioboideae, 18-23 
X 18-25 p; membrana hyalina vel pallide flavida 1 p cr., ad apieem 7-13 p, 
laxe verrucosa, verrucis plus minusve deciduis usque ad 2.5 p diam. 

On Archikaccharis serratifolia, Guatemala: Mauchen, July 22, 1936, J. 
B. Johnston 79 (type), July 18, 1937, J. R. Johnston 875. Type deposited 
in the Arthur Herbarium and the Herbario de la Eseuela Nacional Central 
de Agricultura, Chiinaltenango Guatemala, 

A. arcMhaccharidis is characterized by aeciospores with the apical WTill 
much thickened and by the rather large, sparsely distributed and somewhat 
deciduous wmrts which form the sculpturing. The only BaccJiaris rust with 
similar aeciospores is A. pacliycephalum Diet, but in it the aecia are 
caulicolous in position and the mycelium is systemic rather than localized. 

The host w^as identified by P. C. Standley of the Field Museum. 

Aecidium nairobianum Cummins, sp. nov. Pycnia non visa, verisimiliter 
nulla. Aecia plerumque hypophjdla, ubique aequaliter denseque distributa, 
cupulata, 175-300 p diam., margine lacerate, eellulis peridii firme conjunctis, 
hyalinis, gioboideis, ellipsoideis vel polyhedrieis, 17-25 x 25-33 p, pariete 
interiore valde verrueoso 3-4 p er, exteriore punctato-striato 2.5-3 p cr. ; 
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aeciosporae variabiles late ellipsoideae^ ellipsoideae vel oblongae, 13-22 x 21- 
33 n ; menibrana 2 |j cr., hyalina, verruculosa. 

On Lipina as'perifolia^ Kenya^ Nairobi, June 1934, J. McBonald. Type 
deposited in the Arthur Herbarimn and the Herbarium of the Imperial 
Mycological Institute. 

Aecidmm nairohiamim differs from A. evansii Doidge, which has been 
reported on this host, and from other species on Lippia because of its sys- 
temic habit. 

The specimen was made available through the courtesy of Dr. O. E. Bisby 
of the Imperial Mycological Institute. 

The Arthur Herbarium 

Purdue University Agricultural Experiment Station 



STUDIES IN THE CRASSULACEAE— IL MEXICAN SEDOIDEAE 
COLLECTED BY E. K. BALLS IN 1938 

Robert T. Clausen 

(with one figure) 

Tliroiigh the courtesy of Dr. W. R. Maxon and Mr. C. V. Morton of the 
United States National Herbarium, it has been my privileg'e to study a 
small series of Crassulaceae obtained in east-central Mexico in 1938 by Mr. 
Edward K. Balls. The collections include specimens representing interestiiig 
variations and range extensions, also one new species of Seduni. In the dis- 
cussion, the species are listed alphabetically. 

i 

Sedum dendroideum Moc et Sesse. Mexico: Cueva del Negro-Popo, 11200 
ft., April 13, 1938, 4192 (US 1793595). Puebla : Tesmalaquilla, 

Sierra Negra, Mt. Orizaba, 10600 ft., May 9, 1938, E.K.B. 4470 (US 
1793649). Tlaxcala: Maiiantiales de la Concilia, Mt. Malinehe, 12400 ft., 
Oct. 15, 1938, E.K.B, 5649 (US 1793885). 

Inclusion of previously little known details eoncerning the altitudinal 
distribution of the species, the habitat, and flowering time renders these 
collections interesting and valuable. In the copious notes on the labels, the 
habitat is given variously as on sheer cliffs of volcanic rock in full sun, in 
deep shade, in rocks and steep volcanic screes in shade of cliffs or shrubs, 
and in deep and shaded barrancos, in moist situations, where the stems hang 
down from the cliffs. 

The leaves of these specimens are spathulate-elliptical, blunt at apex 
and spurred at base, to 3.5 cm. long and 1.5 cm. wide. The largest inflorescence 
is 13.5 cm. long and 11 cm. wide. The flowers are yellow. In fruit, the carpels 
are widely spreading. 

The species most closely related to 8. dendroideum is S. praealtiim. This 
differs in the pseudopetiolate leaves which are thinner, subacute, and yellow- 
green. The leaves of 8. elendroideum are thick and frequentl}’' suffused with 
red along the margins. 

Sedum moranense H.B.K. Hidalgo: Pena Baron, Parque Nacional de 
Miguel, 11500 ft., Aug. 11, 1938, E.K.B. 5234 (US 1793796). Vera Crijz: 
below Las Vigas, Cofre de Perote, 8600 ft., E.K.B. 4752 (US 1793705). 

This species is known to me from various places in central Mexico from 
southern Coahuila to Puebla. There are many collections from Hidalgo, but 
the specimen cited from Las Vigas is apparently the first from the State of 
Vera Cruz. 

Sedum napiferum Pevritsch. Mexico: Mt. Ixtaccihiiatl, 13500 ft., July 
30, 1939, E.K.B. 5178 (US 1793790) . 
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This stonecrop has previously been collected only in the vicinity of 
Toluca. On Ixtaccihuatl the habitat is on rocks and open sandy slopes in 
moist places where water seeps through the ground. The plants are annuals, 
0.5-3 cm. high. The rootstocks are tuberous-fusiform, to 1.5 cm. long, not 
globose as in S. minimum which may be only a phase of the same species. 
The fresh flowers are white with red centers, but in the dried condition they 
are mostly yellowish- white, rarely red. 

Sedum obcordatum Clausen, sp. nov. Figure 1. Planta (Sectio Dendro- 
sednm) glabra, lignosa, caulibus tortuosis, formans tegetes implicatas ad 60 
dm. latas; folia obcordata, late rotunda, truncata vel emarginata, cuneata 
et sessilia, calcarata, ad 2.8 cm. longa; floris in cymis densis; bracteae 
florales cinereo-virides, similes folds ; sepalae erectae, lineari-oblongae, 
obtusae, flavae, ad 1.4 cm. longae; petalae erectae, anguste oblongae-lanceo- 
latae, flavae, ad 1.2 cm.flongae. 

Plant glabrous, woody, with tortuous stems to 16 cm. or more high, 
forming tangled mats and tufts to 60 dm. across ; leaves alternate, succulent, 
bluish-gray, obeordate, to 2.8 cm. long and 2.3 cm. broad, broadly rounded, 
truncate or emarginate, cuneate and sessile, spurred, mostly crowded to- 
wards the ends of the stems; inflorescence a dense cyme with large oblong 



Fig. 1. Type specimens of Sedum olcordatum Clausen. Sheet is in the U. S. National 
Herbarium, no. 1793671. x 4/5. 
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to linear-lanceolate gray-gTeen bracts subtended below by the proxiinate 
foliage leaves; sepals erect, linear-oblong, obtuse, iiiieqiial, to 1.4 cm. long, 
yellow; petals erect, narrowly oblong-lanceolate, siibiniicronate, to 1.2 cm. 
long, yellow; stamens to 1 cm. long; carpels 9 mm. long, widely spreading 
in fruit; nectar scales transversely linear, to 1.5 mm. wide and 0.2 mm. long. 
Hanging from crevices in volcanic cliffs, 12500 ft., Cofre de Ferote, State of 
Vera Cruz, May 24, 1938, E.K.B, 4600 (type, ITS 1793671). 

This striking plant does not seem referable to any previously described 
species of Crassulaceae. Although it is here designated as a member of the 
genus Sediim, it in some respects resembles Fachyphytum and is thus inter- 
mediate between the two genera. Were a large suite of speciments and further 
data available, there might be basis for founding a new genus. The large 
floral bracts and the erect sepals and petals are unusual in Sedmn. Yet the 
sepals and petals are free to the base and the petals are not appendaged as in 
PacJiyphyhim. Until further material and information are available, this 
species seems best placed in the section DendTosedimi of Sedum^ which in- 
cludes a group of species w^hich are shrubs or subshrubs with yellow flowers 
and broad, fleshy leaves. 

Sedum oxypetalum H.B.K. Federal District : Camino de Toluca, 8000 
ft., Feb. 10, 1938, E.K.B. 5590 (US 1793871 ) , 

The habitat is indicated as on edges of a steep barraneo, among shrubs 
and herbage. Although the petals are usually described as purplish red, the 
collector's notes give the color as white or pinkish. Sedum conmttvi Kose, with 
puberiilent stem and white or purple flowers, is close to this species. 

ViLLADiA BATEsii (Hemsl.) Bachni & Macbride. Federal District: 
Pedregal, 7000 ft., Oct. 4, 1938, E.K.B. 5595 (US 1793872). 

Like Froderstrom (1935), I find that the flowers of this species are larger 
than -was indicated by Bose (1905). In the specimen at hand, the corolla is 
5-6 mm. long and the calyx 4-5 mm. The habitat is given as sunny exposures 
in hot crevices in old lava. 

Villadia goldmanii (Rose) Clausen, comb. nov. (Altam/iranoa goldniam 
Rose, Bull. N. Y. Bot. Card. 3: 32. 1903). Tlaxcala: Manantiales de la 
Concha, Mt. Malinche, 12400 ft., Oct. 15, 1938, E.K.B. 5650 (US 1793886) . 

To be consistent with the ideas expressed in my recent paper (1940), 
we must transfer this species to Villadia. One of its most striking characters 
is the tendency to bear scattered rosettes of leaves on the stems. According to 
the collector's notes, the flowers are pale pink, but Rose described them as 
pale yellow^, tinged with red, orange-colored when dry. The collection cited 
is from steep sandy volcanic screes. 
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SUMMARY 

Sedtim ohcor datum (Section Dendroseditm) is a new species from the 
State of Vera Cruz. Villadia goldmanii is a new name for the plant known 
until now as Altamiranoa goldmani. Descriptive, habitat and distributional 
notes are provided for Sedum dendroideityn^ S, moranense , S. napiferiijn, S. 
oxy pet alum and Yilladia batesii. 

Bailey Hortorium 
Cornell University 
Ithaca^ New York 
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NORTH AMERICAN RANUNCULI— 
Lyman Benson 


8. Ranunculus recurvatus Poir. in Lam. Eiicye. Metli. 6: 125. 1804. 
Banunculus recurvatus var. adpressiinlis Weatlierb^^, Rhodora 31 : 164. 1929. 
RanuncAilus recurvatus f. laevicaulis Harger ex Weatlierby, Eliodora 31 : 
164. 1929. Eanunculus recurvatus var. fontinalis Peattie, Jour. Elislia Mit- 
cliell SoG. 44 : 205. 1929. Banunculus recurvatus f. Hargeri AYeatlierby ex 
Peattie, Jour. Elisha Mitchell Soc. 46 : 155. 1931, as syii, (incorrectly ascribed 
to Weatherby). 

Woods and bottom-land thickets at low elevations; Ottawa, Ontario, and 
Minneapolis, Minnesota, and eastward to Newfoundland and. southward to 
Oklahoma (Dripping* Springs), Louisiana, and Georgia. Coniferous and 
deciduous forest belts. Late April to June. 

Type collections: (1) B. recurvatuSy Cette plante croite en Amerique, 
dans les environs de New York ... in herb. Lamarck.'' (2) Var. adpres- 
sipiliSy ^ AOrginia: Hungry Hollow, alt. 2200 ft., northeast of Marion, Smyth 
Co., May 24, 1892, Smali, type in Grey Herb." This form is remarkable for 
appressed hairs, which are unicellular. (3) P. laevicaulis ^ ^'Massachusetts: 
by brook, Whately, May 17, 1913, Fernald & Harger, Type in lib. N. E. B. C. 
(also a mixed sheet in Herb. Gray). (4) Var. fontinalis, "Type specimens: 
In a waterfall, April 9, 1919 (Day). In a waterfall, Melrose Mt., April 3, 
1929 (PT. 068). Pearson's Falls, in the water, May 11, 1926 (PT. no. 2188)." 
Polk County, North Carolina and adjacent South Carolina. (PT. = Peattie.) 

9. Ranunculus Bongardi Greene, Erythea 3: 54. 1895. Bariitnculus 
occidentalis Nutt. var. parvifloriis Torr. Bot. Wilkes Exped. 17 : 214. 1874. 
Banunculus occidentalis var. Lyallii A. Gray, Proc. Am. Acad. 21 : 373. 1886. 
Banunculus tenellus Nutt. var. Lyallii Rob. in A. Gray, Syii. FI. N. Am. 1 : 
33. 1895. Banunculus Greenei Howell, FI. N. W. Am. 1 : is. 1897. Banun- 
culus Lyallii Rydb. Mem. N. Y. Bot. Gard. 1 : 166. 1900. Ranunculus Bon- 
gardi Greenei Piper, Contr, U. S. Nat. Herb. 11: 275. 1906. 

Hispid perennials ; stems 2-6 mm. in diameter, hispid with the hairs com- 
monlj^ reddish-brown; radical leaf blades 3-9 cm. long, 4^14 cm. broad, 
3-parted, the parts lobed and acutely toothed, appressed-hispiduloiis ; 
petioles densely hispid, the hairs usually reddish-brown; eaiiline leaves 
similar to and usually smaller than the radical; achenes 8-20 or 25 in a 
globose-hemispherical cluster 3-4 mm. long by 4 mm. in diameter, each 
achene obovate, 1.8 mm. long, 1.3-1.5 mm. dorsoventrally, 0.8 mm. laterally, 


^ The first article in this series, Bull. Torrey Club 68: 157-172. 1941, includes a key 
to the species of the section Chrysanthe of the subgeniis Eiirmiunculiis and discussion of 
the first seven species, Banunculus acris, B. acriformis, B. repens, B. h-iiTbosiis, B. oceV 
dentalis, B. calif ornieus and B. canus. The present delimitation of subgenera and sec- 
tions was published in an article entitled ^^The North American .subdivisions of Baniin- 
cuius, Am. Jour. Bot. 27 (9): 799-807. 1940. 
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smooth or with a trace of reticulation, hispid, the acheiie beak slender but 
broad at the base, 2 mm. long, recurved, hooked at the tip. 

Shaded and rather moist places 50-1,000 meters or inland up to 2,000 
meters elevation ; Pacific slope from Kodiak, Alaska, to Humboldt County, 
California ; occasional in the interior as follows : Kootenai District, British 
Columbia ; northeastern and southeastern corners of Washington ; Deschutes 
Rh^'er and northeastern Oregon; Warner Valley, Mohawk Valley, and the 
San Bernardino Mountains, California; Idaho, Avestern Montana, and 
northwestern AVyoming; North Park, Colorado. Northwestern coniferous 
and yellow pine forests. Late April to July. 

The form occasional in the Rocky Mountains and in the Blue Mountains 
of Washington and Oregon and the Wallowa Mountains of Oregon has hair 
around only the margin of the achene, and it is perhaps more closely allied 
to Bammcithis Bongardi var. tenellus. 

Type collections: (1) Var. parvifloriis, ^‘Plains between Puget Sound 
and the Cascade Mountains.” Wilkes Expedition. (2) Var. Lyalhi, ‘MjyalPs 
specimens are from Pend Oreille River, in Idaho.” (3) B. Bongardi ^ 
“Ranunculus Bongardi. B. recurvatus, Bong. Veg. Sitch mainly, not of 
Poiret.” (4) B. Oreenei ‘^B. occidentalis var. Lyallii Graif, Proc. Ani. Acad, 
xxi^ 373. . . . Common in open Fir forest, Oregon to British Columbia.” 
Since no specimen is mentioned, B. Greenei is considered to have been pro- 
posed as a new name for Gray’s var. Lyallii and to be based upon the same 
type. 

Significarit specimens: cf. L. Benson, Am. Jour. Bot. 23: 30-31, 1936. 

9A. Ranunculus Bongardi var. tenellus (Nutt.) Greene, Erythea 3; 
54. 1 Ap 1895. BammauUis tenellus Nutt, in Torr. & Gra 3 % PL N. Am. 1 : 
23. 1838, not Viviani in 1831. Bammcidus Nelsonii (DC.) A. Gra}", var. 
tenellus A. Gray, Proc, Am. Acad. 8: 374. 1872. Bammcidus occidentalis 
Nutt. var. tenellus A. Gvsiy, Proc. Am. Acad. 21 : 373. 1886. Banunculus 
Nelsonii glaLriusculus Hokinger, Contr. U. S. Nat. Herb. 3 : 210. 23 N 1895. 
Bammcidus Douglasii Howell, PL N. W. Am. 1 : 18. March, 1897. Banum 
cuius arcuatus Heller, Bull. Torre.y Club 24 : 319. 29 Je 1897. Banuncidus 
Bongardi var. Douglasii Davis, Minn. Bot. Studies 2 : 479. 1900. 

Sparsely hirsute or glabrous terrestrial annuals or sometimes perhaps 
perennials; stems 2-4 or 5 mm. in diameter, glabrous or somewhat hirsute 
with soft white hairs ; radical leaf blades 2-5 or rarely 7.5 cm. long, 2-7 or 
rarely 13 cm. broad, 3-parted and the parts lobed, the ultimate lobes obtuse 
or sometimes acute, glabrous ; petioles glabrous or somewhat hirsute ; cauline 
leaves usually larger than the radical ; achenes 5 or 12-30 in a globose-ovoid 
or hemispherical cluster 4-5 mm. long by 4-5 mm. in diameter, each achene 
discoid, obovate, or elliptic, 2-2.5 mm. long, 1.7-1. 9 mm. dorsoventrally, 0.8 
mm. laterally, smooth or minutely reticulate, glabrous, the achene beak 1-1.5 
mm. long, 0.3~0.5 mm. broad at the base, recurved and hooked at the tip. 

Moist shaded ground at 50-1,000 meters elevation near the coast and up 
to 2,100 meters in the inteiuor; southern coastal Alaska; Vancouver Island, 
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British Columbia; Puget Sound region; western Oregon to Iliimboldt 
County and the Sierra Nevada and San Bernardino Mountains, California ; 
most common in the mountainous parts of the Great Basin in eastern Wash- 
ington, Oregon, and California and in Idaho and western Montana ; Yellow- 
stone National Park and the Bighorn Mountains, Wyoining. On tlie Pacific 
slope the plant is localized mostly where rivers cut through the Cascade 
Mountains from the Great Basin. Northwestern coniferous and (mostly) 
yellow pine forest. May to July. 

At Snoqualmie Falls, Washington on May 4, 1929, this species was found 
to be in flower and young fruit {L. Benson 1228, 1229, 1230) while E. Bon- 
garcli growing with it was not yet in flower (X. Benson 1231). Where the 
species and variety grow together, the characters of B. Bongardi and var. 
tenelhis occur sometimes in various recombinations. However, the mostly 
coastal B. Bongardi and the largely interior var. ffnellns are significantly 
diflerent in several characters, and, despite intergradation, some might 
maintain them as separate species. The presence or absence of hair on the 
fruit has been adopted as an arbitrary criterion for segregating intermediate 
plants having characters of both the typical species and the A-ariety. 

Type collections: {!) B. tenellus, ‘‘Shady Avoods of the Oregon [Colum- 
bia] and Wahlaniet [Willamette] ENers, (2) B. Nelsonii glahrius- 

culns, ^^B. nelsonii tenelhis Gray, Proc. Amer. xicad. Auii, 374 (1872) ; B. 
tenelhis Nutt. ; Torr. & Gray FL i, 23. (1838), not Viviani. . . . Rich bottoms 
near LapAA'ai Agency, Nez Perces County, Idaho; May 5 (No. 126). Also on 
Clearwater Ewer near mouth of Big Potlatch River and in the valley of the 
Little Potlatch.^’ Apparently the name is merely a neAv one for B. Nelsonii 
var. tenelhis, and none of the three collections listed (made by J. H. Sand- 
berg and assistants in 1892) is intended as a type. (3) B. Doiiglasii, “E 
tenelhis Nntt. T. S G. FI. i. 23. not Yiviani. . . . Common in moist places and 
river bottoms, California to Brit. Columbia.’’ Since no specimen is men- 
tioned, B. Donglasii is belieA^ed to have been proposed as a new name for 
B. tenelhis Nutt, and to be based upon the same t^q^e. (4) B. arcuatus. Nomen 
novum for B. tenelhis Nutt. 

Significant specimens : cf. L. Benson, Am. Jour. Bot. 23: 31. 1936. 

9B. Ranunculus Bongardii var. Earlei (Greene) L. Benson, comb. iiov. 
Eannncuhis Earlei Greene, Pittonia 4: 15. 1899. 

Perennial ; basal leaves larger than the cauline, or only the bracts present, 
pilose Avith hairs 1--1.3 mm. long; petals oboA^ate, 3.5-7 mm. long by 2-3 nun. 
broad; achenes 15-40 in a subglobose or ovoid head, each 3 mm. long, the 
beak 1 mm. long, 0.5-0.7 mm. broad at the base; receptacle in fruit 3 mm. 
long, ovoid; otlierAAUse like \ bt . tenelhis. 

Along streams at 2,250-2,550 meters elewatioii; near Mt. Hesperus and 
Mancos and in Delta and San Miguel Counties, Colorado. YelloAV pine forest. 
June. 

Related to B. acriformis A. Gray. 
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Tytje collection: Along* the Maneos River and other streams, June 22, 
and 28, Baker, Earle, and Tracy (38, 39, 187).” Baker, Earle, & Tracy 38, 
collected along ‘‘Maneos River Bottoms, 7,000 ft.” is designated as a lecto- 
TYPE. It is HGr, ^565. 

Significant specimens: Colorado: Maneos River, Baker, Earle, <& Tracy 
38, HGr, B, US, NY ; 39, HCr, B, NY ; Bob Creek, West La Plata Mountains, 
west of Mt. Hesperus, Baker, Earle, & Tracy 187, HGr, NY, GPI; Leroux 
Creek, Delta County, Gowen 29 in 1892, NY ; Umcompahgre Plateau, West 
Pork of Dry Creek, Tidestrom 1556, US ; Trout Lake, San Miguel Couiity, 
Fay son & Pay son 4148, GH. 

10. Ranunculus Macoijnii Britt. Trans. N. Y. Acad. Sci. 12 : 3. 1892. 
Banuncnliis hispidiis Michx. var. oreganus A. Gray, Proe. Am. Acad. 21 : 
376. 1886. Uanuncnliis oreganus Howell, PI. N. W. Am. 1: 19. 1897. Ra- 
mmculus Macounii var. oreganus Davis, Minn. Bot. Studies 2 : 469. 1900. 
Raiiunculus rudis Greene, Ottawa Nat. 16: 33. 1902. Bo}iunculus oreganus 
Macounii Piper, Contr.r-U. S. Nat. Herb. 11: 276. 1906. Ra n a ncalus nvu- 
laris Rydb. Bull. Torrey Club 39: 319. 1912. 

Muddy ground of marshes, lake and stream borders, and ditches from 
sea level on the north coast to 2,400 meters elevation in the Rocky Mountains ; 
Siberia; Alaska to Labrador (Lake Melville) and Newfoundland and south- 
ward to California (Goose Lake), easteim Arizona, montane New ]\Iexieo, 
Iowa, and Michigan (Isle Royle). Late May to August. 

A geographically isolated glabrous form (var. oreganus) occurs at Pull- 
man, Washington, along the lower Columbia River, and in Alaska and 
Siberia. In the northern part of the range of R. Mac(yu nii adventitious root- 
ing is not found or is at least uncommon. R.ydberg, loc. cit., has proposed 
segregation of the rooting form as a separate species. This certainly is not 
justified, although it is possible that the plant might be recognized as a 
variety. As far as it is possible to judge from herbarium sheets, the non- 
rooting form occurs mostly from Washington to Colorado and northward 
and the rooting form occurs in those states and southward. However, adven- 
titious roots occur on even some plants from Newfoundland. Herbarium 
specimens are inadequate for a clear segregation of the two forms, and other 
characteristics do not seem to be clearly associated with rooting and non- 
rooting. Much of the southwestern material is perennial, and many of the 
erect plants from especially the northern part of the range are apparently 
annual. One specimen with flowers and young fruit (Round Lake, Mackenzie 
Basin, northeastern Alh^vid., Raup 2361, NY.) shows the pair of cotyledons 
still attached to the diminutive plant in anthesis. A larg'yr plant {Raup 
2360, NY.) from Lake Mamawi, Mackenzie Basin is almost undoubtedly 
annual also, but of normal size, and a normal-sized duplicate oi Raup 2361 
is in the Gray Herbarium. 

The plant keyed out near Ranunculus recurvatus is II. Ji. Raup 2367 
from a slough margin at Wood Buffalo Park, Mackenzie Basin. This plant 
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and some other specimens from the vicinity may be eonl'nsed vatfi IL recur- 
vatiis and B. Bongardi, but apparently they are reduced forms of B. 
Macoimii. 

Type collections: (1.) Var. oreganus, based upon ^^B. nitidus, in part, 
Hook. FI. i. 20 — Shady and wet grounds, Oregon, on the Columbia, to Fraser 
Kiver. According to Hooker, 1. c., Abundant on the lower fertile plains of 
the Columbia, where it attains a height of 1|- to 24 feet, extending into the 
mountain valleys, where it is of humbler growth. Douglas/' (2.) B. Maca^inii, 
based upon B. hispidus Hook. FI. Bor. Amer. 1 : 19. 1829, not Michx. in 1803. 

Banks of rivers from Canada to near the mouth of the Mackenzie Eiver 
lat. 67°; and from the shores of Hudson’s Bay to the Pacific. Dr. Bichard- 
son. Drummond. Scoider. Douglas." (3.) i?. rudis, ''Discovered in a wet 
meadow in Devil’s Garden, northern California, (Plumas or Lassen County) 
June, 1895, by Mrs. B. M. Austin." The type is EGr. 2796-7. (4.) B. rivu- 
laris, "Nevada: Huntington Valley, August, 1868, Wadson 27 (type, in 
herb. Columbia University).” New York Botanical Garden. 

11. Ranunculus pensylvanicus L. f. Suppl. 272. 1781. 

"Wet ground of woods, meadows, and bottom lands at low or moderate 
elevations; China; Juneau, Alaska to Puget Sound, Yakima, and north- 
eastern Washington and eastward across Canada and the two northernmost 
tiers of states to Newfoundland and New^ Jersey; occasional southw^ard in 
the Rocky Mountains as far as northeastern Arizona and New' Mexico (Rio 
Arriba County and the Datil Mountains). 

The plants from Arizona and New” Mexico have shorter fruiting recep- 
tacles and so also have specimens from Itasca Park, Minnesota {Mayer 318, 
NY). 

Type collection: ^^HaJbitat in Pensylvania. ” 

Significant specimens: Alaska*. Juneau, Anderson 461, NY. Washing- 
ton: cf. L. Benson, Am. Jour. Bot. 23: 32. 1936. Montana: East Gallatin 
sw^amps, Bydherg 478, NY; Big Fork, B. T. Butler 7002, NY; 7010, NY; 
Columbia Falls, B. 8. Williams in 1892, NY. Idaho: Falks Store, Canyon 
County, Macbride 316, NY; Rathdrum, Kootenai County, Sandberg, Mac- 
Dougal, and Heller 732, NY. Arizona: Ryan Ranch, East Fork of White 
River, Harrison 4868, Sac, 

For the spelling of the specific name, ef. Fern. Rhodora 42: 94-5. 1940. 

12. Ranunculus macranthus Scheele, Linnaea 21: 585. 1848. Banun- 
culus repens L. var. macranthus A. Gra}'', Bost. Jour. Nat. Hist. 6: 141. 
1845. 

Moist meadSw^s at about 2,000 meters elevation in Eastern Arizona from 
Navajo County to the Santa Rita and Huachuca Mountains and at lower 
elevations in Western and Southern Texas; Mexico. Yellow pine and south- 
ern hardwoods forests; Gulf grassland. June and July in Arizona and 
March and April in Texas. 

Type collection: "Prope Neubraunfels leg. Eomer. Aprili.” Texas. 
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13. Ranunculus orthorhynchus Hook. FL Bor. Amer. 1 : 21. pi, 9, 
1829. Baminc'idics orniihorhynchiis Walp. Rep, 1 : 43. 1842, error in spell- 
ing. Banunctdus orthorhynchus ^‘form” stenophyllus A. Gray, Proe. Am. 
Acad. 21 : 377. 1886. 

Stems 1.5-5 dm. long and 1.5-3 or 4 mm. in diameter, fistulous, liirsute, 
the hairs ascending and tending to be appressed ; radical leaf blades pinnate 
with 3-7 leaflets, the leaflets alternate or opposite, again twice-forked or 
-lobed, the divisions all (typically) linear or else cuneate, ultimate lobes 
acute, appressed-pubescent or nearly glabrous; petioles 3-12 cm. long; 
sepals 5, greenish-yellow, pilose dorsally; petals yellow or (in the North- 
west) often red dorsally, 8- or 10-19 mm. long, 4-7 mm. broad; achenes 
12-20, each achene elliptic, 3 mm. long, 2.3 mm. dorsoventrally, 0.5 mm. 
laterally, margin prominently bevelled and slightly keeled, the achene beak 
slender^ about 4 mm. long, straight; receptacle nearly cylindrical, 1-2 mm. 
long in flower and 2-3 imn. long in fruit, hispiduious. 

Meadowland at low elevations along the northwest coast and at 1,500- 
2,000 meters elevation southward; Pacific slope from Vancouver Island to 
western Oregon ; Goose Lake, middle north Coast Ranges, and central Sierra 
Nevada, California; one fragment from Yellowstone National Park. North- 
western coniferous and yellow pine forests. May and June. 

Where Bammcidus orthorhynchus crosses the range of var. platyphyllus 
ill southwestern Oregon and adjacent California, intergrades are abundant. 
The Sierra Nevada plants are also intermediates, and their assignment to 
B, orthorhynchus is rather arbitrary. 

Type collections: (1) B. orthorhynchus, ‘‘Not unfrequent on the low 
points of land near rivers, in North-West America. Douglas.^ ^ (2) “Form” 
stenophyllus, “The typical form of B. orthorhynchus, stenophyllus, has 
all the leaves somewhat bipiiinately dissected into segments a line or less in 
width, or some radical ones simply divided into cuneate or obovate 2-3-lobed 
or toothed segments or leaflets.’^ The type must be identical with that of 
B, orthorhynch%is. Gray cited no specimens or localities for the “form.’’ 

13A. Ranunculus orthorhynchus var. platyphyllus A. Gray, Proc. 
Am. Acad. 21: 377. 1886. Banunculus maxvmus Greene , Bull. Torrey Club 
14: 118. 1887. Banunctdus orthorhynchus Y^ar., maximius Jepson. FI. W. 
Mid. Calif. 200. 1901. Banuncidus politus Greene, Pittonia 5: 196. 1903. 
Banunculus platyphylUis A. Nels. Bot. Gaz. 42: 52. 1906. Banuncidus 
platyphyllus Piper, Contr. U. S. Nat. Herb. 11 : 276. 1906. 

Stems 6-12 dm, long, often 7-9 mm. in diameter, hirsute, sometimes 
rather densely so; basal leaves pinnate with 5-7 leaflets; sepals hirsute dor- 
sally ; petals broader and shorter than in the typical species^ rarely red dor- 
sally (southern Oregon) ; achenes 20-35, achene beak 2.5~3.5 mm." long and 
less rigid than in the typical species, sometimes very nearly hooked at the 
apex ; receptacle elongated from 2-3 mm. long in anthesis to 5-9 mm. long 
(and expanded to 2-3 mm. in diameter) in fruit. 

Meadows from sea level on the coast to 2,200 meters elevation in the 
interior; California along the coast from Del Norte County to Berkeley; 
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upper Sacramento Valley and at Stockton; mouiitains of the Great Basin 
from the southern eclg*e of British Columbia to eastern Oregon, Nevada 
(Gold Creek), Utah (Wasatch and Uintah Mountains), Wyoming* (West 
De Lacy Creek and Teton Pass), and Glacier National Park, Montana (San 
Marias Pass, Somes 90). Northwestern coniferous and western pine forests 
and Pacific grassland. eJune and July. 

Apparently originally introduced into California by the Klamath Iliver, 
which intersects the range of Banuncidus orthorJiyncJms. Where the ranges 
of the species and variety overlap, hybridization is frequent, and segregation 
is difficult. 

Type collections: (1) Var. platypliyllus, macrantliits, Watson, Bot. 
King Exped. and Bot. Calif., not Scheele. — In wet places, Wahsatch Moun- 
tains and Idaho to E. Oregon, and California, south ^to Marin Co.” The fol- 
lowing is quoted from Watson, Kept. U. S. Geol. Expl. 40th Par. 5: 9. 1871, 
'' Ranunculus MACRANTHUS, Scheele. . . . Texas, California, (4,729 Bolan- 
der), and Oregon, (Lyall.) Streambanks in the Wahsatch and Uintas; 
5-8,000 feet altitude; June, July. (28).” The specimen in the Gray Her- 
barium from the Wasatch Mountains, S. Watson 28 , collected in 1869, is 
designated as a lectotype. (2) K. maximits. niaxranthtis^ Brew. & Wats., 
Bot. Cal. i. 8, not of Scheele; R. ortliorliynclins, var. plaiypliyllus^ Gray, 
Proe. Am. Acad. xxi. 377, as to the Californian plant at least.” Brewer and 
Watson refer the reader to ^‘Watson, Bot. King 9,” and they state further, 
Moist soils from Oregon to Nevada and Texas. In this state [California] 
near the coast.” The reference to B. ortliorliynclvus var. platyphyllus in- 
cludes specificall}^ only the ^^Californian plant.” Since both var. platy- 
phylhis and B. macrantlms of the Botany of California were based upon 
Watson’s previous publication (Kept. U. S. Geol. Expl. 40th. Par. 5: 9. 
1871, as cited above), the single California specimen mentioned there is 
designated as a lectotype. It is Bolander 4729 from Long Valley Mendocino 
County. LECTOTYPE in the Gray Herbarium. 

13B. Ranunculus ORTHORHYNciius var. Hallii Jepson, FI. Calif. 1: 542. 
1922. 

Hair of stems and petioles spreading ; leaf divisions often as broad as 
long, shallowly and obtusely lobed ; achenes 4-17, usually few, the marginal 
keel of each more distinctly carried into the beak than in the typical species ; 
otherwise like the typical species. 

Mountain meadows at about 2,000 meters elevation ; Sierra Nevada from 
Yosemite National Park to Fresno County, California. Yellow pine forest. 
June and July. 

Type collection: '‘Pine Ridge, Fresno Co., Hall and Chandler 236 
(type).” 

Significant specimens: cf. L. Benson, Am. Jour. Bot. 23: 31—32. 1936. 

13C. Ranunculus orthorhynchus var. alaschensis L. Benson var. nov. 

Stems 6-7 dm. long, 2-4 mm. in diameter, markedly fistulous, glabrous; 
basal leaves with 3 or 5 leaflets, the terminal leaflet 3-lobed and the lobes 
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again notched, the lateral leaflets opposite or nearly so, eiineate to obdeltoid, 
15-30 mm. long, of 13-30 mm. maximum breadth, the ultimate lobes rounded 
and the sinuses acute, petioles 15-20 cm. long; cauline leaves more dissected 
than ill the typical species and with acute ultimate lobes ; sepals glabrous, 
tinged with purple ; petals 5, yellow on both sides, obovate, 11—12 nini. long, 
6 mm. broad ; achenes 10-20, the achene body 4 mm. long, 3 mm. broad, the 
margins not markedly beveled or keeled, the beak straight or a little curved 
at the tip, 3 mm. long ; receptacle but slightly enlarged in fruit, hirsute. 

Herba terrestris perennis glabra; caulibus 6-7 dm. longis, 2-4 mni. 
diametro, glabris; folds 3-5-foliolatis, foliolis euneatis vel obdeltoideis, tri- 
dentatis, 35 min. longis, 13-30 mm. latis ; petiolis 15-20 cm. longis ; sepalis 
glabris; petalis 5, luteis, obovatis, 11-12 mm. longis, 6 mm. latis ; acheiiiis 
10-20, obovatis, 4 mm. longis, 3 mm. latis ; rostro filiformi, 3 mm. longo. 

Moist ground at low elevations; Yes Bay and Anaii Creek, south coast of 
Alaska. Northwestern <^oniferous forest. July. 

Type collection: Shores of Yes Bay, Alaska, July 20, 1895, TJios. Tloicell^ 
IlowelVs Pacific Coast Plants No. 1603. type in the New York Botanical 
Garden. 

Significant specimens: Alaska.* Yes Bay, Howell 1603, NY, HGr; Gor- 
man 61, NY; Anan Creek, mainland, Walker 7^1, NY, 6H. 

14. Banunculus Bloomeri S. Wats. Bot. Calif. 2: 426. 1880. 

Very wet and heavy soil of meadows, sloughs, and ditches; Mendocino 
and Lake Counties to Santa Clara County, California. Oak woodland. March 
to early May. 

Intergrades with Bammcidus orthorhy nchus var. occur 

abundantly in western Lake County and northeastern Sonoma County. 

Type collection: ^Mn wet grounds near San Prancisco, Dr. J. G. Bloomer. 
The specimens are imperfect and not yet in fruit, but indicate a very distinct 
species.’’ 

15. Kanunculus carolinianus DC. S^^st. 1: 292. 1818. 

Swampy ground at low elevations near the coast; Alabama to North 
Carolina and Florida. Kiver bottom forest. March to May. 

Type collection: ‘‘Hab. in Carolina inferiore. Bose.’’ 

This species has been known as B. palmatus Ell. ; cf . Fern. Rhodora 41 : 
543-4. 1939. 

Table 2 contrasts Banunculus carolinianus with its eastern relatives, B. 
hispidtis and B. sept entrionalis: 

16. Ranunculus septentrionalis Poir. in Lam. Encye. Meth. 6: 125. 
1804. Bammcidus lucidus Poir. in Lam. Encye. Meth. 6: 113. 1804 (f). 
Bammcidus tomentosus Poir. in Lam. Encye. Meth. 6: 127. 1804, not Moench 
in 1794. Banunculus Belvisii DC. Syst. 1: 291. 1818. Banunculus nitidus 
Muhl. Cat. Ed. 2. 56. 1818, not Walt, in 1788. Banunculus intermedTu^ Eat. 
Man. Bot. Ed. 3. 424. 1822, not Poir. in 1804. Bamincidus Schlectendalii 
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TABLE 2 



JR,, carolmimms 

li. Mspidus 

M. seirtentrioriMis 

Petal breadth 

2-3 or rarely 4 mm. 

4-7 or rarely 3 or 
11 cm. 

4-8 or 13 cm. 

Sepal habit 

Beflexed 

Spreading 

TJsually spreading 

Comparative length 
of sepals to petals 

Half 

Half 

T wo-thirds to three - 
fourths 

Aehene number 

7-15 

12-30 

15-30 

Stoloniferoiis 

Barely 

Never 

Frequently (if not 
always) after flower- 

Stem diameter 

0.7-1. 5 or 2 cm. 

1.5-2. 5 cm. 

ing 

1.5 or 2-8 cm. 

Stamen number 
( ap j) roximation ) 

20-40 

40-60 

40-75 

Length of fruiting 
receptacle 

2-3 mm. 

4-8 mm. 



4-8.5 mm. 


Hook. FL Bor. Amer. 1: 21. 1829. Eariunculiis sepie/ntrionalis var. nitul'm 
Cliapm. FL S. U. S. Ed. 2, Suppl. 675. 1892. Eanimculus octopetahis Greene, 
Ottawa Nat. 16: 33. 1902. Eaniinmilus cariceioriim Greene, Pittoiiia 5: 
194. 1903. Eaminmiliis sicaeformis Mack & Busli apnd Mack., Torreya 6: 
123. 1906. Eanimculus sicaefolius Mack. & Busli ex Kydb. FI. Prairies & 
Plains of Central No. Amer. 342. 1932, nomen nudum., apparently intended 
for E. sicaeformis. Eanimculus septentrionaUs var. caricetorum Fern. Kho- 
dora38: 177. 1936. 

Subglabrous to densely hispid; stems erect and. 2-6 dm. high or (in sum- 
mer) at least sometimes stolonif eroiis ; radical leaf blades eompoiind or occa- 
sionally simple and 3-lobed, broadly ovate-cordate in outline, 3-14 cm. long, 
5-20 cm. broad, the leaflets 3-lobed, -cleft, or -parted and again toothed or 
lobed, the blade proxiinally truncate or cordate and distally angular, sub- 
glabrous to appressed-hispidulose ; sepals spreading or (in some Middle- 
Western plants) reflexed; aclienes about 15-30, each aehene obovate, 3-3.5 
mm. long, 2-2.5 mm. dorso-ventrally, 0.7 mm. laterally, the aehene beak 
stout at the base, slender above, 2-3 mm. long, straight; receptacle 4-8.5 mm. 
long in fruit. 

Marshy ground at mostly low elevations; Eastern South Dakota and 
Nebraska to James Bay and to Battle Harbor, Labrador and southward to 
Missouri, Kentucky {Short in 1840, N.Y.), West Virginia, and the Virginia 
Coastal Plain; Pulton, Arkansas and Austin, Texas. April to early June 
(July or August northward). 

Keported by Pernald (Khodora 22: 31. 1920) to produce long stolons 
very soon aftei;^ the beginning of flowering. The writer has collected this 
species only once (in Pennsylvania in June, 1935), and in this ease field 
observation revealed an abundance of stolons. Most herbarium specimens 
do not show stolons. The densely retrorsely-hispid form occurring here and 
there in the Middle West and at Cumberland, Maryland (Shriver in 1894, 
NY) is var. caricetorum (Greene) Fern. 
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Type collections: (1) E, septentrionalis, ''Cette plante croit dans 
FAmeriqiie septentrionale ... in herb. Lamarck.’’ (2) E. lucidus, "Cette 
plante est ciiltivee an Jardin des Plantes de Paris. On sonp^onne originaire 
dn Levant.” (3) E. iomentosiis, "Cette plante a ete reeiieillie par M. Bose 
dans la Haiite-Caroline.” (4) E. Belvisii, "Plab. in America boreali. Eal. de 
Beaiivoisd’ (5) E. nitkkis, "Car.” Carolina. Type in the herbarium of 
Muhlenberg. (6) B. intermedius, "Pound on the banks of the Hudson near 
Albany, by Mr. J. G. Tracy.” (7) E, Schlectendalii, "R. fascicularis, 
Sclilect. Animadv. Sect, 2, p. 30. t. 2. . . . Eastern declivity of the Rocky 
Mountains, between lat. 52° and 55°, in rich soils : plentiful. — 

This plant agrees in every particular, as far as I can judge without fruit, 
with the description and figure above quoted of Sehleetendal’s E. fascicu- 
laris, except that his figure represents a slenderer plant, and one of the leaves 
has the middle lobe petioled, and the calyx reflexed. ...” Asa Gray, Proc. 
Am. Acad. 21: 372-3, 376. 1886, designated Schlectendal’s specimen as a 
LECTOTYPE for J7. SckleMeyidalU. (8) E, octopeiaTus, "Knox Co., Tennessee, 
10 June, 1893, T. H. Kearney.” The type specimen is HGr. 2739, and the 
specimen from marshes near Fountain City, Kearney, June 10, 1893, EGr. 
2738, is probably part of the same colleetion. (9) E, caricetorum, "The 
above diagnosis is from material of my own gathering in southern Wisconsin 
ill 1888, and in southern Michigan in 1902.” The specimen from Dodgeville, 
Wisconsin, collected by Greene June 20, 1898, is designated as a lectotype. 
It is HGr. 2559-60-61. (10) E. sicaeformis, "Collected by myself (no. 95) 
at Buckner, Jackson County, Missouri, on May 30, 1898 . . . in my her- 
barium,” K. K. Mackenzie. The type is now in the New York Botanical 
Garden. 


Table 3 contrasts Eaminciilus sepientrionalis with its Pacific Coast and 
Rocky Mountain relatA es : 

TABLE 3 



11. septentrionalis 

orthor'hynch us 

B. Bloomeri 

Stem habit 

Stoloniferous or 
often so 

Never rooting 

Never rooting 

Badical leaf leaflet No. 

1-3 

3-7 

3-5 

Sepal habit 

Spreading or rarelj 
reflexed 

Reflexed 

Reflexed 

Comparatire length of 

Two -thirds or three- 

One-third or one- 

One-half or two- 

sepals to petals 

quarters 

half 

thirds 

Pubescence 

Usually subglabrous 
but occasionally 
hispid 

Hispid 

Subglabrous 


16A. Ranunculus septentrionalis var. pterocarpus L. Benson, var. nov. 

Subglabrous ; more markedly stoloniferous than the species; 

radical leaves simple or of 3 leaflets, these more shallowly lobed and toothed 
than in the typical species, erenate or serrate ; sepals reflexed or spreading; 
achenes 5-15, the bodies obovate to suborbicular, 3.5-4.3 mm. long, 3.3-4 mm. 
broad, including the winged keels, which may be up to 1 imm broad, the 
achene beaks about 2 mm. long ; fruiting receptacle 4-5 mm. long. 

Herba palustris perennis subglabra ; stolonifera ; dentibus f oliorum 
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brevibiis ; acheniis 5-15, obovatis vel siiborbieiiiaribus, 3.5-4.5 iiiiiL lono'is, 
3.3-4 min. latis, alatis; receptacula 4-5 mm. long*o. 

Marshy ground at low elevations j Wyandotte County, Kansas to Illinois, 
Indiana, Kentucky, and Tennessee ; occurring* as an iiitergrade to R. palnia- 
tus in southern Alabama and Florida; Dallas County, Texas. Southern 
deciduous and river bottom forests. May and June. 

Type collection: Wet soil, Ked Kiver bottom near Boss, McCurtaiii 
County, Oklahoma, H. W. Houghton 3732h May 23, 1916, type in the Kew 
York Botanical Carden. An isotype is in the Gray herbarium. 

Eepresentative specimens: Kansas.* Wyandotte Countv, Hitchcoch 1105, 
NY, GH. Missouri: St. Louis, Biehl 25 in 1838, NY, Eggert in 1877, GH; 
Campbell, Dunklin County, Palmer 39066, GH. Illinois : Mound City, IIGr 
16775; Macon County, Clohey 2384, GH; Starved Rock, La Salle County, 
Greenman, Lansmg, & Dixon 123, NY, GH. IndianI : Torr. A* Gray, FI. N. 
Amer., GH. Kentucky : Near State Lake, Shacklette 273, NY. Tennessee : 
Humboldt, Tennessei occidentalis, Bain 383, NY. Oklahoma: Boss, MeCur- 
tain County, Red River bottom, Houghton 37321, NY, GH. Texas : Dallas 
County, Beverchon 2739, NY ; Dallas, Beverchon in 1874, GH ; San Felipe, 
Lindheimer in 1844, GH ; Brazos River, Drummond in 1835, GH ; Columbia, 
Bush 147 GH; Blooming* Grove, Beverchon 3700, GH. Alabama: Catoma 
Creek, Montgomery County, Harper 85, NY, GH. Florida: Ockloeknee 
River, Leon Count}', West of Tallahassee, Small c& Wherry 11670, GH, NY. 

17. Ranunculus hispidus Michx. FI. Bor. Amer. 1 : 321. 1803. Bariurn 
cuius marilandicus Poir. in Lam. Encyc. Metli. 6: 126. 1804 ( ?). Banmicu- 
lus palmatus Ell. Sketch. 2 : 61. 1816. Banimculus repens L. var. hispidus 
Chapin. FI. S. U. S. Ed. 1. 8. 1860. Bannnculus septentrionalis Poir. var. 
marilandicus Chapm. FI. S. U. S. Ed. 3. 8. 1897 (?). Banuncuhis Mrtipes 
Greene, Ottawa Nat. 16 : 32. 1902. 

Plirsute terrestrial perennials; roots usually fleshy, commonly 1.5-2. 5 
mm. in diameter; stems 1.5-3 mm. in diameter, fistulose, hirsute, the hairs 
sometimes appressed especially in specimens from Ontario, New York, and 
eastern Pennsylvania; radical leaf blades nearly always pinnately com- 
pound, cordate-ovate in outline, laciniate, 4-9 cm. long, 5-11 cm. broad, the 
terminal leaflet 3- and the lateral leaflets 2-parted, the parts sharply lobed 
or serrate-laciniate-toothed, blades proxiinalfy subcordate and distally acute, 
appressed-hirsute, the hairs rarely abundant; each acheiie obovate, 2.3-2.9 
mm. long, 1. 8-2.3 mm. dorso-ventrally, 0.7 mm. laterally, the achene beak 
slender, 1-2 mm. long, straight. 

Moist places in meadows and rich woods at low elevations ; Valley City, 
North Dakota, aiid Newark, Nebraska, to Ontario, Massachusetts, Missouri, 
Arkansas (modified form), Tennessee, and New Jersey; less common south- 
ward along the Atlantic Coast to Hendersonville, North Carolina and 
Atlanta, Georgia. Mostly Southern deciduous forest. April and May. 

A form wdth radical leaves 8-10 cm. long and 12-16 mm. broad occurs 
in McDowmll and Randolph Counties, West Virginia (Spruce Mountain 
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Branch of the Condon Lane Boom and Lumber Company Railroad, Moore 
2225, GH; Railroad track, Allegheny Mountains, Randolph Co., Greennian 
366, GH ; Welch, Well in 1922, GH). The leaf size and type are approached 
by plants from other parts of the west side of the Appalachian system. The 
leaf divisions are from narrowly elliptic to obovate. SegTegation of varieties 
in E. Jiispidiis, which is a polymorphic species, is difficult. The two listed 
below are well-distinguished in their extreme forms, but countless inter- 
mediate forms occur. From herbarium sheets distinction of E. his i)idus from 
E. septentrionalis is not (apparently) always possible. 

Type collections: (1) E. Ivispiclns, ''Hab. in umbrosis sylvis Carolinae 
inferioris.'' (2) A. marilandicus, “Cette plante croite au Maryland . . . in 
herb. Bose.’’ This plant may be var. falsns. (3) E. palniatus, “Grows in St. 
John’s Berkley.” Near Savannah, Georgia. (4) E. hirtipes, “Obtained in 
woods near Sandwich, Ontario, 5 June, 1901, by Mr. John Macoun . . . 
bearing the Canad. Geol. Survey number 33,582.” The type is HGr. 2619. 

17A. Ranunculus hispidus var. falsus Fern. Rhodora 22: 30. 1920. 
Eanuncuhis cardiopetalm Greene, Ottawa Nat. 16: 32. 1902. 

Stems 1-2 mm. in diameter, almost always appressed-pubesceiit, the hairs 
softer than in the typical species ; the stems less markedly fistulose than in 
the typical species radical leaf blades either simple and 3-parted or, if com- 
pound, the leaflets usually sessile and close to one another, less dissected than 
in the typical species, usually 1.5-4 mm. long, 2-5 mm. broad, but occasion- 
ally larger; fruit smaller than in the typical species and witli a narrower 
keel (as pointed out to the writer by M. L. Fernald). 

Dry or rocky woodland at low elevations ; occasional from Toledo, Ohio 
to Pickett County, Tennessee; Ontario (Niagara Fails) to southwestern Yer- 
mont, Massachusetts, and Washington, D. C. ; rare and modified in Virginia, 
North Carolina, and Alabama. Northeastern and Southern deciduous forests. 
April and May. 

This variety is marked by small and most commonly simple leaves and 
by appressed pubescence and small fruit. Other forms are looked upon as in- 
termediates, that is, if they show one of the characters and not the other. 

Type collections: (1) E. cardiopetalus, “At the whirlpool Rapids, Ni- 
agara, Ont., 21 May, 1901, John Macoun (n. 33,581).” The type is HGr, 
2546. It has emarginate petals. (2) Var. falsus, “Dry wooded calcareous 
bank, Sheffield, May 30, 1919, Bean & Fernald. (type in Gray Herb.) ” 

17B. Ranunculus hispidus var. eurylobus L. Benson, var. nov. 

Stems 1.2-2 mm. in diameter, very densely hirsute, tliC. spreading hairs 
2 mm. long; radical leaf blades mostly simple, the leaflets when present ses- 
sile and usually close to one another, the simple leaves lobed or divided, the 
leaflets or lobes or the whole leaf tending to be very broad or even orbicular, 
rounded at the bases, the leaf or leaflet 2-5 cm. long, 2-5 cm. broad. 

Caulibus valde hirsutis; foliis vel foliolis latissimi vel orbicularibus, a 
basibus rotundis, 2-5 cm. longis, 2-5 cm. latis. 
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Hill country toward the interior from West Yirgiiiia and from Arling- 
ton, Brunswick County, and Fort Myer, Virginia, to Georgia and Alahaina; 
Monterey, Tennessee; occurring in modified form in Kentucky and Tennes- 
see and along the southern Atlantic coastal plain. March and April. 

Type collection: ''Oak woods, dry, Augusta, Georgia, March 26, 1899.'' 
TYPE in the New York Botanical Garden. IJnfortiinately the collector’s 
name is not on the specimen, which is labelled in pencil. Altliougii the 
variety has been collected rather frequently, no other specimen is suitable 
for a type. 

specimens: Tennessee: Monterey, Ckiin & Sharp 4352^ NY. 
Alabama: Warrior Eiver, Tuscaloosa, Harper 3014, NY. West Virginia: 
Milton, Cabel County, L. Williams 411, NY. Virginia: Arlington, Blanch- 
ard in 1891, NY ; Meherrin River, 8 miles southeast of Cohran, Brunswick 
County, Fernald ch Long 7027, GH; Fort Myer, Mearns in 1895, NY. 
North Carolina : Try on Mountain, Polk County,* Huger in 1896, NY ; 
Roanoke River at Weldon, Small hi 1897,, NY. South Carolina : Clemson 
College, Oconee County, House 1712, NY ; Andersonville, Earle in 1886, NY, 
Georgia: Large Knob, Kenesaw Mountain, Perry & i¥i/^r,S' in 1934, NY; 
Thompson IMills, Gwinnett County, Allard 47 in 1908, NY. 

18. Ranunculus pascicularis Muhl. ex Bigel, FI. Bost. Ed. 1. 137. 1814. 
Banimciilus fascicidaris var. Deforestii Davis, Minn. Bot. Studies, 2: 470. 
1900. Baniinculus ilUnoensis Greene, Pittonia 5: 195. 1903. 

Stems 1-2 dm. long; radical leaf blades compound or the early ones 
3-parted, ovate-oblong in outline, 2.5-5.5 cm. long, 2-4 cm. broad, distinctly 
longer than broad, leaflets 3 or commonly 5, sometimes the leaf partly bipin- 
nate, the leaflets deeply 3-7-parted and again angularly-toothed, the ulti- 
mate parts blunt at the apices; petals 5 or rarely 9 (1 specimen), 7-15 mm. 
long; each acheiie obovate-orbicular with a short, flat stalk, the main body 
1. 5-2.5 mm. long, 1.5-2 mm. dorsoventrally, 0.6-1 mm. laterally, the margin 
keeled but not prominent. 

Rather diy situations at low elevations; Taylor Palls, Minnesota, to 
southern Ontario, New England (except Maine and Rhode Island), New 
Jersey, and Pennsylvania (Lancaster) and southward to Oklahoma and 
Tennessee; "Southern Flora” {Chapman, NY; sepals reflexed). North- 
eastern and Southern deciduous forests. March to May, depending upon 
latitude ; commonly called ' ' early buttercup. ’ ’ 

Truly tuberous roots are rare in specimens from east of the Mississippi 
Valley. 

Type collectipns: {!) B. fascicidaris, "The plants described in this book 
have been colleMed during the two ‘last years in the vicinity of Boston, 
within a circuit of from 5 to 10 miles.” 1812-13. (2) Var. Deforestii, "Col- 
lected by Henry P. DeForest (G. 42) near Rossville, 111., April 12, 1885.” 
The type specimen in the herbarium of Cornell University was kindly 
loaned to the writer by Dr. K. M. Wiegand. Some of the flowers have 9 
petals and some have 5. (3) B. ilUnoensis, "Collected at Alto Pass, in south- 
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ern Illinois, 21 April, 1900, by Mr. Carl F. Baker, who reports that it occurs 
ill large patches on moist open hillsides.’’ Possibly a variety, but the type 
must be reexamined for characters other than the merely lobed early radical 
leaves, before a segregation can be made, if it is desirable, type : HGr. 2630. 

18 A. Panunculus fascicxjlaris var. apricus (Greene) Fern. Phodora 
38: 178. 1936. Rariimcidus apricus Greene, Pittonia 4: 145. 1900. 

Stems 1-3 dm. long; leaflets or leaf segments oblanceolate to narrowly 
elliptic, shallowly few-toothed apically or entire; petals 5, like those in the 
typical species; achenes like those of the typical species. 

Mostly ill the prairie country from Cherokee County, Kansas, to eastern 
Texas, Louisiana, and North Carollton, Mississippi; W. Colorado” 
{Flint, NY). Prairie grassland; deciduous and river bottom forests. March 
and April. 

The form occurring^ in wet ground in Louisiana and at Galveston, Texas 
is 2-3 dm. tall and is with usually small fruit and with less hair on the plant. 

Type collection: ‘'Near Sapulpa, Indian Territory Oklalioma, 29 April, 
1895, B. F. Bush.” The type is Bush 965, HGr. 2493. 

18B. Panitnculus pascxcularis var. cuneiformis (Small) L. Benson, 
comb. nov. Banunculus cuneiformis Small, Bull. Torrey Club 27 : 276. 1900. 

Stems 18-25 cm. long; leaves like the typical species, but a little larger 
and coarser; petals 7-9, 13-15 mm. long when fully expanded; acliene 3 mm. 
long by 2.5 mm. dorsoventrally, the margin 0.5 mm. broad, distinctly 
marked. 

Moist ground; collected at Bear Creek, Kerr County, Texas, and at 
Natchitoches, Louisiana (Palmer 6988). Southern deciduous forest. Early 
spring. 

Type collection: “On prairies, near Kerrville, Texas. Spring. Heller, PI. 
S. Tex. no. 1688. ” 

Department op Botany, University of Arizona 
Tucson, Arizona 



NOTES ON POLYGONUM (AVICULARIA) 

J. F. Brenckle 
(with three figures) 

PHOTOPERIODISM AND TAXONOMY 

Field observations in South Dakota show that the genus Folygonum is 
strongly affected by long days of bright sunlight. Profound changes take 
place in the plants during late June and in July, our longest and brightest 
days. The large spring stem-leaves fall from the plants and fruit production 
is slowed or stopped entirely. While each species reacts somewhat differ- 
ently, the phenomenon takes place in all forms, both early and late. The 
small wiry species such as P. achoreum and P. huxi forme set fruit very 
early, often in the axils of the second and third stem-leaf, and fruit produc- 
tion continues until the latter part of June when the stem leaves and fruit 
fall away. Some of these plants do not survive this change, but others more 
favorably located continue growth with shortened internodes, smaller leaves, 
and a more compact inflorescence. Polygonum species with a late habit of 
growth, such as the group P. ramosissimum which seldom blooms in June 
with us, also lose the basal leaves but continue growth with narrower and 
smaller leaves through July; blooming is delayed to late August and Sep- 
tember. Protection from intense or prolonged periods of sunlight by cloudi- 
ness or shade may prevent this retardation of bloom. Polygonums in general 
from high elevations show no such retardation. A series of specimens of 
P. ramosissimum collected on July 31 and August 1, 1939, along a road from 
Fors.ythe, Montana, to Mellette, South Dakota, show a marked difference in 
development. The western plants are more advanced, although collected 
from a higher elevation and latitude than those from the eastern half of 
South Dakota. Specimens from a creek-bed with perpendicular walls from 
10 to 15 feet high, near Miles City, Montana, had well ripened aeheiies. 
These plants were the best developed of the series, no doubt owing to the 
protecting shade of the sidewalls. The winding arroyo with its walls afforded 
shade from east,, west, or south, up to 30 to 40 per cent of the day’s sunlight. 
Six specimens of the series are herewith deposited in the herbarium of the 
New York Botanical Garden. 

Specimens of Polygonum collected in midsummer during the ^A‘est 
period” are often sterile or otherwise in poor condition to classify. The 
marked difference between the spring, summer, and fall forms is confusing 
unless a series of specimens is at hand to represent these stages. Abiindaiit 
and well developed material of P. ruhescens Small sent me from x\lberta, 
Canada, by Dr. Geo, H. Turner, illustrates this. The spring leaves have a 
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shape and size quite distinctive, are broadl.y elliptic or ob ovate, abruptly 
pointed at the apex, somewhat narrowed to^vard the base, siibsessile or ivith 
a short petiole, 2-6 cm. long*, 1-2.5 cm. wide. These merge into the narrow 
lanceolate leaves of summer and are lacking in fruiting specimens. Speci- 
mens in triplicate representing spring, summer, and fruiting stages of this 
plant will be deposited in the Gray Herbarium, the National Herbarium 
and the herbarium of the New York Botanical Garden. 

THREE ALIEN POLYGONUMS IN THE WEST 

Polygonum argyrocoleon Steudel. ^^Silver-sheath knotweed.’^^ Erect, 
annual, with slender branches; leaves linear-lanceolate, often deciduous; 
flowerspikes slender, naked ; flowers pedicelled, shortly exserted from the 
ocreolae ; perianth about 2 mm. long ; achenes equal to the perianth, brown, 
smooth, and shining.”^ The plant has a dark gre^y-green color, strikingly 
different from that of itmerican species. The silvery ocreae are membranous, 
showy, and white. Introduced into southern California and Arizona with 
alfalfa seed from Persia and widespread in alfalfa and grain fields.^ 

Specimens examined: California, Santa Catalina Island, Fosberg 4461 
(as P. ra/ynosissirmim) : Imperial County, alfalfa fields; Belliie, July 6, 1932. 

Polygonum humipusum Pall, ex Ledeb. (not P. Jiuniif itsum Jord.). 
smooth, branching, prostrate herb ; leaves linear to oblong, obtuse ; inflores- 
cence at tips of the branches, fascicles 4-10 flowered; achenes smooth, ex- 
ceeding the perianth.”- A skeleton-like plant with spathulate-linear leaves 
mostly divergent or reflexed; flowering from the base in the axils of all 
leaves ; achenes lenticular or three-angled, ovate, pointed, black, smooth, and 
shining, about 1 mm. long (fig. 1). Three sheets of this species have been 
examined, all collected near Nanaimo, Vancouver Island, B.C., by Dr. John 
Macotm^ and distributed under No. 1483 (as P. aviculare). The sheet in the 
Canadian National Herbarium, Ottawa, wms collected July 11, 1887, ‘'^on 
ballast. ’ ’ This plant, about 5 to 6 dm. long, has all its achenes 3-aiigled. A 
sheet in the herbarium of the University of Minnesota, Minneapoiis, has 
three plants of about half the length of the above, collected on July 12, 
1893, six years later. These have all achenes lenticular, pointed, black, 
smooth, and shining, about 1 mm. long. The third sheet, in the herbarium 
of the New York Botanical Garden, dated July 12, 1893, Nanaimo, B. C., 
has two plants similar in size to the Minnesota specimens, one of which has 
its achenes 3-angled and the other lenticular. These remarkable plants ap- 
pear to belong to the section Aviciilaria. No known American species of this 
section has lenticular achenes. Among the Persicariae some species may have 
occasional 3-angled achenes, but the plants here represented have them 
either lenticular or 3-angled, with no mixture on a single plant. 

1 Bellue, Margaret K. 1935, Silver- slieathed Kuotweed as a pest in S.tV. Alfalfa. Mo. 
Bull. Bept. Agr. Galif. June 1935: 238-241. 

2 Steward, Albert N. Tlie Folygoneae of eastern Asia. Contr. Gray Herb. 87: 19. 1930. 


Explanation of figures 1-3 

Pig. 1. Tolygontm Inmifimm. Pig. 2. Polygonum Stevefisii. Pig. 3. Polygonum 
autumnale. 
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PoLY^GONUM POLYCNEMOIDES Jaiib. et Spacli. prostrate brancliiiig lierb 
with appressed linear-siibiilate leaves: oereae hyaline, white, conspicuous, 
sometimes lacerate : flowers axillary, near the tips of the branches, sessile, 
about 2 mm. long : achenes triangular, black, included in the perianth ; faces 
minutely punctate. South-central Asia. ’ 

The 'specimens kindly sent me by Prof. Ray J. Davis, from Idaho, col- 
lected on an abandoned field, no doubt belong to this Asiatic species and 
were introduced with garden or field seed. The striking character which 
differentiates them from American species is the perianth. Grey-green, 
scurfy, constricted above, closely investing the mature aehene; shallowly 
5-parted to about one-fourth its length ; the limb is spreading, white, .4-.5 
mm. long. Sometimes a short white-h.raline, denticulate, ocreolus persists 
about the base of the perianth. The dry stems are fragile and the leaves 
veinless and glandular-punctate. The rather short limb probably places 
these plants with P. Oliveri Jaub. et Spach.*^ 

No. 2833^ Ray J. Davis, Idaho, is deposited in the New York Botanical 
Garden. 

TWO NEW SPECIES 

Polygonum Stevensii Brenckle, sp. nov. Planta annua; caulis acute 
angulatus, erectus, 4-7 dm. altus, base ramosiis ; folia crassa, oblonga, brevi- 
petiolata, inconspicue nervata, 2-5 cm. longa, 4^10 mm. lata, tarn longa vel 
longiora cpiam internodi. Oereae ineonspieuae, macrae ; flores copiosi ; peri- 
anthi axillares, 2-8 ad quodquam folium, pedicellati, 4-5 mm. alti. cum sex 
segmentis; segmenta tres exteriora carinata, nervata, cucullata, viridia, 
albomarginata ; achaenia 3-angulata, fusco-atrata, glabra, miiriculata, 3.5 
mm. longa. 

Annual ; plant yellowish green throughout, stem smooth, striate, sliarply 
angled, erect, 4-7 dm. high, profusely branched at the base with several 
elongated, decumbent or prostrate branches; stem-leaves thick, smooth, ob- 
long or oblanceolate, rounded or bluntly pointed at the apex, tapering to 
a short petiole at the base, veins inconspicuous or none except the midrib at 
the back, 2-5 cm. long, 4-10 mm. wide, often widest above the middle, as 
long or longer than the internodes, articulate to the foliaeeous part of the 
oereae; oereae thin, scarious, with few or no veins, ineonspiciious ; flowers 
abundant, 2-8 in the axil of each leaf ; perianth segments 6, the outer three 
sharply carinate, prominentl}^ veined, cucullate, green with white edges; 
style short, 3-parted to the base; stamens 5, yellow; achenes ovate, promi- 
nently 3-angled, angles rounded, becoming black, muriculate, 3.5 mm. long, 

2 mm. wide. 

Specimens examined : The type was collected by Brenckle and Stevens 
on June 29, 1938, on low ground iiear a spring adjoining the highway, south 
of Forsythe. Montana (fig. 2) . Specimens {No. 38-034, BrencUe & Stevens) 
are deposited in the Rocky Mountain Herbarium, Laramie, Wyoming ; Uni- 
versity of Wisconsin Herbarium, Madison ; Herbarium of the N.' Y. Botanical 
Garden (type) ; U. S. National Herbarium, AYashington. " 

This plant is related to P. ramosissimtim Michx. but differs in the stem, 
in the manner of branching, in the character and shape of the leaves, and in 


3 Steward, Albert N. 7.e, : 25, 26. 
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the earl.y and abiindaiit infloreseeuce. It differs from P. latum Small in the 
niaiiiier of branching', shape and eharaeter of leaves and perianth, and by 
the early bloom. 

Polygonum autumnale Brenckle, sp. nov. Annua ; caiilis erectiis, graci- 
lis, 2-5 dm. altiis ; folia erecta, lanceolata vel linearia, ad apice et base acumi- 
nata, 2-4 cm. longa, 2-4 mm. lata, eito decidua ; fiorit aestate sera ; perianthi 
sessiles, ocreis eelati; achaenia 3-angulata, angiiste ovata, obtuse apiciilata, 
latera plana, fiisca, subtiliter punctata, hebetia, 1.6 mm. longa, 0.8 mm. lata. 

Annual ; stem mostly erect, slender, wiry, terete, finely striate branehes 
erect or spreading below, 2-5 dm. high ; spring leaves erect, lanceolate or 
linear, veined beneath, parallel lined above when dry, pointed at each end, 
subsessile, pale green, 2-4 cm. long, 2-4 mm. wide, early deeidiioiis, reduced 
above to linear bracts ; ocreae veined, the lower half herbaceous, the upper 
membranous part evanescent leaving the exposed veins as bristles ; inflores- 
cence develops late in summer on terminal branehes»and twigs, interrupted 
or contiguous and spike-like; perianth sessile or subsessile, 1-3, mostly 
hidden in the ocreae, 5-parted, covering the aeheiie ; segments green or red- 
dish tinted with white or white and pink margins ; achenes obtusely 3-angled, 
narrowly ovate, obtusely pointed at the top, faces mostly flat or slightly 
eoiivex, brown, murieulate or minutely striate, dull 1.2-2 mm. long, about 
.8 mm. wide. Rarely a few blossoms develop in spring. 

Specimens examined : The type. No. 37-32, collected near Nortliville, 
Spink Count}", South Dakota, September 23, 1937, is deposited in the her- 
barium of the New York Botanical Garden (fig. 3). The following specimens 
are in the U. S. National Herbarium. 

South Dakota: Rapid City, D. Griffiths No. 732, Aug*. 29, 1897 (3 
sheets). Texas: Bell County, Simon E. Wolff No. 175, Oct. 17, 1928; Ama- 
rillo, Carlton & Ball No. 1136, Sept. 15, 1906. Maryland: Calvert County, 
Cheseapeake Beach, N. D. House No. 1454, Aug. 20, 1905. 

At hand for distribution to those interested are additional specimens of 
eotype material from South Dakota and North Dakota ; Burleigh County, 
MciCensie, 0. A. Stevens No. 485, Aug. 15, 1940. 

This species, practically sterile all summer, has been overlooked or con- 
fused with other species. The early loss of the stem leaves and variation in 
size of all parts according to location, crowding and moisture, make it diffi- 
cult to present a complete picture of the plant. It has been variously named 
P. aviculare, P. prolificum and P, leptocarpum, but from these it differs in 
the perianths hidden in the ocreae, narrower ripe achene often square-cut 
on the edges, stub-pointed and mostly less than 2 mm. long, usually from 
1.2 mm. to 1.6 mm. long. Late in the season we may find a few exserted 
achenes which aye longer. 

The writer washes to gratefully acknowledge the assistance and advice 
freely given by Prof . 0. A. Stevens of Fargo in preparation of this paper; 
also to Mr. L. L. Shinnei\s of the University of Wisconsin, Madison, for the 
Latin diagnoses. 



AN UNDESCRIBED LENOPHYLLUM^^ FROM MEXICO 
Stephen S. White 
(with one figure) 

Lenophyllum refiexiim White, sp. iiov. Folia opposita, late ovata vel 
elliptiea, ad 4.5 cm. loiiga et 3 cm. lata, acuta, supra plana vel coiivexa, 
pleraque refiexa. In vivo folia matura supra purpureo-viridia, infra pur- 
purea, in sicco viridia ; juvenile in vivo lueide viridia. Inflorescentia paiiicii- 
lata ramulis teimibns, siccata rubeo-purpurea. Flores remoti, fere sessiles, 
bracteis deciduis 3 mm. longis snbtenti. Periantliii flavo-virides, siccati saepe 
rubeoq 3 urpurei. Sepala 4 mm. longa, obloiiga, acuta. Petala 6 mm. loiiga 
oblanceolata acuta. Stamina 10. Filamenta petala opposita dupiiees quam 
longitudine aiitlierae, rad inferiorem tertiam partem petalonim inserta. 
Carpella 5-6 mm. loiiga, stjlis subulatis, squamis carnosis et truneatis. 

Succulent perennial herb. Leaves opposite, broadly ovate to elliptic, up 
to 4.5 cm. long' and 3 cm. wide, acute, flat or eoiivex above, mostly reflexed. 
Mature leaves on living plant suffused with purple, especially below ; young 
leaves bright green. Inflorescence paniculate, many-flowered, with slender 
branches, turning reddish-purple when dry. Flowers remote, nearly or quite 
sessile, subtended by deciduous bracts 3 mm. long. Perianth yellowish-green ; 
sepals 4 mm. long, oblong, acute; petals 6 mm. long, oblanceolate, acute. 
Stamens 10, the filaments of those opposite the petals becoming twice as long 
as the anthers, inserted at one-third the height of the petals. Carpels 5~6 
mm. long with, subulate styles ; scales fleshy and truncate. 

Type in the University of Michigan Herbarium, prepared from a plant 
grown in the Botanical Gardens of the University of Michigan ; collected by 
H. E. Bartlett in 1930 on the Cerro del Diablo, San Carlos Mts., Tamauli- 
pas, Mexico. 

This species is clearly distinguished from all other members of the genus 
by its broad reflexed leaves which are not at all channeled above. 

The author wishes to acknowledge his indebtedness to Drs. E. B. Mains 
and C. L. Lundell of the University of Michigan Herbarium for many valu- 
able suggestions in the preparation of the manuscript. 

Department of Botany, University op Michigan 
Ann Arbor, Michigan 

^ Pamily Crassiila(?eae. 
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NEW SPECIES AND VARIETIES OF VERBENACEAE FROM 
CENTRAL AND SOUTH AMERICA 

Harold N. Moldenke 

Continued work on the Verhenaceae has brought to light a iiuiiiber of as 
yet undescribed species and varieties from tropical America. It has been 
thought advisable to place the descriptions of these plants formally on record 
at this time. Detailed discussions of their relationships and distribution, and 
complete citation of specimens, will be published at a later date in generic 
monographs now in preparation. 

Bouchea boyacana Moldenke, sp. nov. Herba perennis sublignosa ; ramis 
ramiilisque dense pube'^Tilis; petiolis crassiiiseulis complanatis alatis dense 
puberulis ; laminis firme chartaceis ovatis, ad apicem et basim aeutis, crasse 
dentatis utrinqiie dense adpresso-puberulis ; peduneulis rhachideque pedi- 
cellisque dense puberulis. 

Eather woody perennial; branches and branchlets rather slender, ob- 
tusely or subacutely tetragonal, often rather irregular, densely puberulent 
throughout; nodes not annulate; principal internodes usually abbreviated, 
3-15 mm. long; leaves decussate-opposite; petioles rather stout, 1-1.5 cm. 
long (or less), flattened above and alate from apex to base with a narrow 
green marginal wing about 1 mm. wide or less, densely puberulent through- 
out ; blades firmly chartaceous, ovate, almost uniformly light-green on both 
surfaces or somewhat darker above and grayish-green beneatli, 1-5 cm. long, 
0.5-3.7 cm. wide, acute at apex, coarsely dentate from the widest part to the 
apex with broadly ovate acute or apiculate antrorse teeth to 7.5 mm. long 
and 4 mm. wide, acute at base, densely appressed-puberulent on both sur- 
faces, the puberulence often grayish beneath; midrib slender, prominulous 
on both surfaces; secondaries slender, 2-5 per side, ascending, only slightly 
arcuate, often extending from near the base to the apex, siibprominulous on 
both surfaces ; veinlet reticulation obscure or indiscernible ; inflorescence ter- 
minal, spicate during anthesis, raeemiform in fruit, 4-37 cm. long, many- 
flowered, erect, the flowers usually imbricate or the lowermost separate; 
peduncles slender, abbreviated, 1 cm. long or less, along with the rachis 
densely puberulent ; pedicels subobsolete during anthesis or to 1 mm. long, 
in fruit to 4 mm. long and densely puberulent; foliaceous bracts absent; 
bractlets and prophylla lanceolate, 1-3 mm. long, attenuate, densely puberu- 
lent; calyx tubular, 6-9 mm. long, 1.5-2.5 mm. wide througliout, densely 
puberulent outside, 5-costate, subhyaline and translucent between the costae, 
its rim 5-apieulate, the apieulations unequal — four 1-1.5 mm. long and the 
fifth 0.5-0.9 mm. long, cucullate from within; corolla hypocrateriform, ir- 
regular, its tube broadly cylindric, curvate, about 1.5 cm. long, about 1 mm. 
wide at base, ampliate to 3 mni. somewhat below the apex, glabrous outside, 
pilose among the stamens within, its limb spreading, 5-parted, 2-lipped, the 
lobes broadly elliptic, rounded at apex, the largest 6-6.5 mm. long and wide; 
stamens 4, didynamous, included, inserted about 3 and 4 mim below^ the 
mouth of the corolla-tube, the lower pair shorter; filaments filiform, about 
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I. 4 and 2.4 inm. long, glabrous or the larger pair obscurely pilose ; antliers 
broadly ovate-elliptic, about 1 mm. long and wide, the connective ovate-tri- 
angular ; pistil included ; style capillary, about 9 mm. long, glabrous ; stigma 
2-lobed, the anterior lobe club-shaped and erecto-reeurved, the posterior lobe 
minute and tooth-like ; ovary elongate-oblong, about 2.5 mrn, long and 1 inm. 
wide, glabrous. 

Colombia— BOYACA : Cordillera Oriental, Soata, arid slopes, alt. 2130 in., 

J. Cuatrecasas 1017, September 6, 1938, type; in the Britton Herbarium at 
the New York Botanical Garden. 


Duranta armata Moldenke, sp. nov. Frutex; ramis ramiilisque rigidis 
sarmentosis spinosis adpresso-puberulis glabreseentibus ; folds f ascicuiatis 
niimerosis subsessilibus vel brevissime petiolatis; laminis chartaceis oblan- 
ceolatis vel ellipticis acutis vel obtusis vel rotundatis integris vel 2“4-den- 
tatis, ad basim acutis vel attenuatis, utrinque sparse niinuteque puberulis 
glabreseentibus, supra nitidis, subtus punctatis ; inflorescentiis abbreviatis 
terniinalibus 1- vel pauci-floris. 

Spiny shrub ; branches and branchlets medium-slender, stiff, t’vviggy, 
obtusely tetragonal or subterete (sharply tetragonal when young), rattier 
densely appressed-puberulent when young, glabrescent in age, vicioiisly 
spinose; spines numerous, slender to very stout, alternate-scattered, rarely 
opposite or ternate, 0.9~3.3 cm. long, very stiff and sharp-pointed, un- 
branched, often bearing an opposite pair of buds at about the middle, 
glabrous and shiny; nodes not annulate; principal internodes abbrevi- 
ated, 1-2 cm. long or less; leaves borne in fascicles on very much abbre- 
viated spur-like twigs subtending the spines, numerous, subsessile or very 
short-petiolate ; petioles slender, 1-3 mm. long or obsolete, appressed- 
puberulent, submargined ; blades chartaceous, oblanceolate or elliptic, 
0.4-3 cm. long, 4-14 mm. wide, varying from acute (on large leaves) to 
obtuse or rounded (on small leaves) at apex and often subemarginate, 
entire or with 1 or 2 appressed irregular teeth on each margin near the apex, 
acute or attenuate at base, sparsely and minutely puberulent on both sur- 
faces when young, glabrous in age and shiny above and punctate beneath; 
midrib slender, flat or sub impressed above, prominulous beneath ; secon- 
daries slender, 2-5 per side, flat or subimpressed above, usually flat beneath ; 
veinlet reticulation obscure or indiscernible; inflorescence reduced, ter- 
minating the branchlets and twigs, racemiform, 1-few-flowered, 1-5.5 cm. 
long; peduncles slender, sharply tetragonal, abbreviated, 2-18 mm. long, 
along with the rachis rather densely appressed puberulent; pedicels slen- 
der, about 1 mm. long, elongate to 4 mm. in fruit, puberulent ; bractlets 
varying from linear to spatulate, stipitate, 1-4 mm. long, puberulent ; calyx 
canipanulate, 3-3.5 mm. long, 2.5-3 mm. wide at apex, 5-eostate, appressed- 
puberulent outside, its rim truncate, shortly 5-apiculate ; corolla blue, hypo- 
crateriform, its tube broadly cylindric, about 7 mm. long, glabrous outside 
except at the very apex, straight or slightly curved, its limb 5-parted, 7-10 
mm. in diameteV, densely pulverulent-puberulent on both surfaces; fruit- 
ing-ealyx broadly campaniilate, papery, obvolute and submclucling the 
fruit, eventually splitting, minutely puberulent or glabrate and shiny, its 
rim usually persistently whitish puberulent-pilose ; fruit tetragonal, about 
4 mm long and wide, very distinctly 4-lobed and -sulcate in drying, glabrous 
and shiny. 
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Peru — cuzco : IJpa Blanca, near Cuzco, alt. 3400-“3600 m., Fortunato L. 
Eery era 85, type; in the herbarium of the Botanisches Miiseuni at Berlin, 
received there in Februarv, 1923. 

Duranta Dombeyana Molcleiike, Prelim. Alpli. List Invalid Names 25, 
hypon vin (1940), sp. nov. Frutex; ramis glabratis saepe sparse spinosis; 
ramulis dense f ulvo-toineiitosis ; foliis oppositis; petiolis dense tomentosis 
^•labrescentibus ; laminis chartaceis ellipticis, ad apicem obtusis vel aciitis vel 
siibacuminatis, ad basim rotundatis vel acutis vel aeiiminatis, integ-ris vel 
irregulariter serratis, supra sparse breviterqiie pubeseentibiis yel puberiilis 
glabreseeiitibus, siibtus dense adpresso-tomentosis ; infioreseentiis axillaribiis 
terniinalibusque ; floribus secundis; peduneulis rhaehideque dense flaves- 
cento-tomeiitosis. 

Strict shrub, 2-4 in. tall; branches rather slender, obtusely tetragonal, 
glabrate, sometimes sparsely spinose ; spines axillary, opposite, stout at base, 
sharply pointed at apex, 5-7 mm. long ; branehlets slender, obtusely tetrag- 
onal, densely f iilvous-tbmentose with short appressed tonientuin ; nodes not 
annulate ; principal internodes 0.5-4 cm. long, those on the twigs extremely 
abbreviated; leaves decussate-opposite, often with an additioiuil pair or a 
fascicle borne on an extremely abbreviated twig in the axil; leaf-sears corky, 
prominent, semicircular ; petioles slender, 4-8 inni. long, margined above, 
densely tomeiitose or glabrescent; blades ehartaceous, rather uniformly 
dark-green above or slightly lighter beneath, sometimes brunnescent above 
in drying, elliptic, 1.7-9. 3 cm. long, 1.1-4 cm. wide, A^arying from obtuse to 
acute or even sub acuminate (occasionally einargiiiate) at apex, entire or 
rarely rather irregularly serrate just below the apex or from the widest part 
to the apex with sharp-pointed antrorse teeth, A'ar\dng from rounded to 
acute or acuminate at base and usually more or less prolonged into the 
petiole, lightly short-pubescent or puberulent above, glabrescent in age, 
densely appressed-tomentose with fulvous or yellowish hairs beneath ; mid- 
rib slender, flat or subimpressed above, prominent beneatli; secondaries 
slender, 4-6 per side, ascending, not much arcuate, flat or siibimpressed 
above, prominulous beneath, joined in many loops near the margins ; veinlet 
reticulation sparse, the larger portions subimpressed above and siibpro- 
minulous beneath, the rest obscure or indiscernible; inflorescence axillary 
and terminal, the axillary ones 3-7 cm. long, the terminal one to 20 cm. long, 
spicate or subracemiform, many-flowered, the flowers seciind; peduncles 
abbreviated, 4-13 mm. long, along with the rachis densely flavescent-tomen- 
tose ; pedicels obsolete or to 2.5 mm. long and densely flaveseent-tomentose ; 
braetlets and prophylla linear, 1-6 mm. long, densely tomentose, caducous ; 
calyx campanulate, 3-4 mm. long, 2-3.5 mm. wide, 5-costate, densely flaves- 
eent-tomentose outside, its rim truncate, very obscurely and niinutely 
5-apiculate ; corolla hypocrateriform, its tube broadly cylindrie, curved, 
1.3-1.4 cm. long, glabrous outside below the bend, puberulent above, its limb 
8-11 mm, in diameter, densely puberulent on both surfaces ; fruiting-calyx 
ob volute and rostrate, completely enclosing the fruit, firm, nigrescent, short- 
pubescent with eanescent hairs (especially on the apical beak), becoming 
glabrous and shiny in age, eventually splitting; fruit subgloboscy to 1 cm. 
long and wide, glabrous, shiny, nigrescent in clrying, umbonate-rostrate at 
apex. 

Ecuador: between Loja and Portovelo, Joseph Nelson Rose, Ahelardo 
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Fachano, & George Munson Rose 28,347, October 3-6, 1918, type; in the 
Britton Herbarium at the New York Botanical Garden. 

^ Duranta guatemalensis Moldenke, sp. mw. PriiteA; raiuis raiiuilisijue 
spiriosis dense adpresso-tomeiitosis glabrescentibiis ; foliis o})positis vih suln 
oppositis pleriimque fascicnlatis; petiolis dense tomentos()-pu})csceiiti])iis 
glabrescentibiis; laminis teimiter chartaceis vel siibinembranaceis obiaiU'eo- 
lato-ellipticis Tel ellipticis, ad apicem obtusis vel rotiindatis, iiitegris ve! 
sparse serratis, supra parce pilosiilis glabreseentibus, siibtiis pidieniiento- 
pilosiilis ; inflorescentiis axillaribus termiiialibiisqiie ; pedunciilis iluudnde- 
qiie dense adpresso-tomentosis. 

Spiny shrub ; branches and branehlets slender, obtusely tetragonal or 
sub terete, densely appressed-tomentose with white or sordid toinent uin when 
young, glabrescent in age ; spines in opposite or subopposite pairs, stiff, 
slender, 2.5-14 mm. long, glabrous, sharp-pointed; nodes not annulate; 
principal internodes 1-3.7 cm. long; buds densely tomentose; leaves decus- 
sate-opposite or subopposite, often with additionaf fascicles on extremely 
abbreviated twigs in their axils ; petioles very slender, 1-5 mm. long, densely 
tomentose-pubescent with appressed sordid hairs, glabrescent in age; blades 
thin-chartaceous or submembranous, oblaneeolate-elliptic or elliptic, lighter 
beneath, 1.2-4 cm. long, 8-16 mm. Avide, obtuse or rounded at apex, entire 
or sparsely serrate at or near the apex with a few, appressed, mostly 
rounded teeth, sparsely pilosulous above, glabrescent in age, rather sparsely 
puberulent-pilosulous beneath (somewhat more densely so on the larger 
venation) ; midrib very slender, fiat or subimpressed above, fiat or promirm- 
loiis beneath; secondaries very slender, 3-5 per side, ascending, not miieli 
arcuate, flat or subimpressed above, flat or prominulous beneath, obscurely 
joined at the margins beneath ; veinlet reticulation vsparse, mostly indis- 
cernible above and obscure beneath; inflorescence axillary and terminal, 
racemiform, 3-5 cm. long, many-flowered; pediincles very slender, 3-6 mm. 
long, along with the slender rachis densely appressed-toinentose like the 
branehlets; bracts and prophylla linear, 1-2 mm. long, densely tomentose, 
deciduous; calyx tubular, 5-7.5 mm. long, 2-3.5 mm. Avide, densely or irreg- 
ularly short-pubeseent-pilose outside, less so in age, 5-costate, thin-textured 
betAveen the ribs, its rim truncate and very minutely 5-apieulate; corolla 
hypoerateriform, its tube broadly eylindrie, slightly curved, 7-10 mm. long, 
su^'labrate beloAV outside, densely puberulent toAvard the apex, its limb 
5-par ted, 9-11 mm. in diameter, very densely appressed-puberulent witli 
canescent hairs on both surfaces. 

Guatemala — quiche: Chiul, alt. 2600 m., Enrique Teofilo Eeyde & 
Ernesto Lux '2947, m eJune 1892, type ; in the Gray Herbarium of Harvard 
University. 

Duranta peruviana Moldenke, sp. nov. Frutex ; ramis ramulisque dense 
breviterqiie pubescentibus glabreseentibus, ad nodos decussato-eomplanatis, 
saepe spiiiosis^ foliis oppositis; petiolis dense breviterque ineano-pubes- 
centibus; laminis tenuiter chartaceis ellipticis, ad apicem acutis vel breviter 
aeuminatis, integris vel serratis, supra dense puberulis, subtus dense velii- 
tino-pubescentibus ; inflorescentiis axillaribus terminalibiisque saepe panic- 
ulatis; pedunculis rhachideque dense breviterque iiicano-pubescentibus. 

Shrub; branches and branehlets slender, obtusely or subacutely tetrag- 



502 


BULLETIN OF THE TORREY CLUB 


[VOL. 6S 


onal, decussately flattened at the nodes, deiisel}- siiort-piibeseent vdieii 
young, giabreseent in age, grayish, sometimes bearing a few pairs of short 
blunt spines above the nodes; nodes not annulate, mostly flattened and 
somewhat ampliate; principal internodes 2-4 cm. long; leaves decussate- 
opposite; petioles slender, 4-10 mm. long, densely short-piibescent Avith 
incaiious hair; blades thin-ehartaceous, uniformly dark-green on both sur- 
faces, elliptic, 1.3-7 cm. long, 0.8-4.5 cm. AAude, acute or sliort-acuininate at 
apex, entire or serrate Avith blunt appressed teeth from below the middle to 
the apex, densely puberulent aboA'C, densely A^elutiiious-pubescent ANith sor- 
did-grayish hair'beneath ; midrib slender, flat or subimpressed above, promi- 
nent beneath; secondaries very slender, 6-9 per side, arcuate-ascending, flat 
or subimpressed above, prominulous beneath ; veinlet reticulation obscure or 
indiscernible above, often obscure beneath; inflorescence axillary and ter- 
minal, racemiform or paniculate, 7-14 cm. long, often bearing 1 or more 
pairs of opposite racemiform branches; racemes inany-floAvered, spreading; 
peduncles slender, 0.5-2.5 cm. long, usually abbreviated, along Avith the 
slender rachis densely short-pubescent AAdth iucanous hairs ; pedicels very 
slender, obsolete or to 3 mm. long during anthesis and fruit, densely in- 
canous-pubescent ; calyx tubular-campanulate, 3.5-4 mm. long, about 2 mm. 
Avide, 5-eostate, densely strigose-pubescent Avith ineanous hair, its rim trun- 
cate, minutely 5-apiculate ; corolla hypoerateriform, its tube sliglitly curved, 
6-8 mm. long, densely puberulent outside above the calyx, its limb 5-parted, 
to 1 cm. in diameter, densely incanous-puberulent on both surfaces. 

Peru — cuzco: betAveen Santa Rosa and Qiiillabamba, Convencion, /. 
Soukup 8^5, in January, 1938, type; in the herbarium of the Field Museum 
of Natural History at Chicago. 

Duranta peruviana var. longipedicellata Moldenke, var. nov. Haec 
A^arietas a forma typica speciei recedit pedicellis post anthesin usque ad 8 
mm. longis, floribus nutaiitibus, ramulis foliisque sparsiore pubeseentibus. 

This variety differs from the typical form of the species in its pedicels 
being up to 8 mm. long after anthesis, the floAvers nutant, and the branclilets 
and lower leaf -surfaces less densely velutinous-pubescent. 

Peru — cuzco : valle,y of the Urubamba, Machupieehu, alt. 2200 m., For- 
tunato L. Herrera 3209, in October, 1931, type; in the herbarium of the 
Field Museum of Natural History at Chicago. 

Duranta Skottsbergiana Moldenke, Suppl. List Vern. Names 10, hypo- 
nym (1940), sp. nov. Frutex vel arbor parva; ramis plerumque spinosis- 
simis glabratis ramulis dense breAuterque pubeseentibus glabreseentibus 
saepe spinosis ; foliis oppositis vel ternatis A^el irreguiariter clispositis, saepe 
f ascieulatis ; petiolis marginatis breviter pubeseentibus glabreseentibus; 
foliis subcoriaceis nitidis ellipticis vel lanceolatis A^el oblanceolatis, ad 
apieem obtusis vel acutis vel subemarginatis, ad basim acutis vel acuminatis, 
integris vel sparse arguteque sepatis, supra sparse pilosis glabreseentibus, 
subtns dense adpresso-pubeseentibus dein glabreseentibus et impresso-punc- 
tatis ; inflorescentiis axillaribus terminalibusque saepe panieulatis. 

Shrub or small tree, to 6.5 m. tall; branches medium-stout, broAvii, sub- 
terete, glabrate, prominently lenticellate-verrueulose, usually very spinose; 
branchlets medium, stiff', denseL^ short-pubescent Avhen ^mung, giabreseent 
ill age, often spinose, subterete or angular; spines A'ery stiff, rather slender, 
0. 6-3.4 cm. long, very sharp-pointed, gray, glabrous, opposite, ternate, or 
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scattered ; nodes not annulate, often triangular-flattened on younger parts; 
principal internodes 1-5 cm. long; leaves opposite, teriiate, or scattered (on 
older branehes), often borne in fascicles on greatly abbreviated twigs from 
below the spines on older wood; petioles slender, 2-11 mm. long, densely or 
sparsely short-pubescent, glabreseent in age, margined from apex to base, 
flat above ; blacles subeoriaceous, dark-green above, lighter beneath, shiny on 
both surfaces, mostly elliptic, varying to lanceolate or oblaneeolate, 1. 5-4.5 
cm. long, 0. 6-2.7 cm. wide, obtuse or acute at apex, varying to subemarginate, 
entire or sparsely sharp-serrate with appressed teeth toward the apex, acute 
or acuminate at base, often attenuate into the petiole, sparsely scattered- 
pilose above when young, soon glabreseent, densel.y appressed-pubesceiit 
beneath when young, eventually glabrous and impressed-punctate ; midrib 
slender, flat above, prominent beneath; secondaries slender, 4-6 per side, 
arcuate-ascending, flat above, sharply prominent beneath, not anastomos- 
ing ; veinlet reticulation sparse, obscure on both surfaces or indiscernible in 
mature leaves ; inflorescence racemiforin or paniculate, axillary and terminal, 
2-19 cm. long, often bearing one or more pairs of racemiform branches near 
the base, arcuately ascending or recurved, many-flowered ; flo wers subsecund ; 
bracts large and foliaceous, resembling the leaves in all respects but smaller, 
a pair subtending each pair of hifloreseence-branches ; bractlets elliptic or 
spatulate, stipitate, to 7 mm. long and 3 mm. wide, densely short-pubescent, 
borne near the base of the racemes, caducous ; prophylia linear, minute, about 
1 mm. long, densely pubescent; peduncles slender, 1-2 cm. long or more ab- 
breviated, along with the slender rachis densely short-pubescent, glabreseent 
in age; calyx campanulate, 4-5 mm. long, 2.1-4 mm. wide, 5-eostate, thin- 
textured between the ribs, densely puberulent or short-pubescent with ap- 
pressed cinereous hairs, its rim truncate, minutely 5-apiculate ; corolla hypo- 
crateriform, pale-lilac, pale-blue, or lavender, its tube broadly cylindric, 
1-1.4 cm. long, curved, the uppermost 3-4 mm. densely puberulent outside, 
the remainder glabrous outside, its limb 5-parted, 7-10 mm. in diameter, 
densely cinereous-pub erulent on both surfaces; fruiting-calyx leathery, 
glabrate; fruit subglobose, yellow, about 1 cm. long and wide. 

Peru: Mito, in sunny stream canyons, alt. about 3000 m., J. Francis 
Macbride d' Featherstone 1484, July 8-22, 1922, type; in the herbarium of 
the Field Museum of Natural History at Chicago. 

This species is named in honor and appreciation of my respected col- 
league, Dr. Carl Skottsberg, Director of the Botanical Garclen at Goteborg, 
Sweden, to whose boundless energy and inexhaustible courage this garden 
will always be a lasting memorial, and who has found time, amid all his ad- 
ministrative work, to do such noteworthy botanical exploration in Chile, the 
Galapagos Islands, Hawaii, and elsewhere. 

Duranta Woronowii Moldenke, sp. nov. Frutex vel arbor ; ramulis gla- 
bris inermibus; foliis oppositis vel suboppositis ; petiolis debilibus minute 
obseureque puberulis vel subglabratis ; laminis tenuiter chartaceis vel sub- 
membranaceis brunneseentibus anguste ellipticis, ad apicem acutis, ad 
basim cuneato-attenuatis vel subacuminatis, integris, utrinque minutissime 
obseureque subpilosulis glabrescentibus ; infloreseentiis axillaribiis termi- 
nalibusque raeemiformibus ; floribus non secundis plusminus erectis ; pedun- 
eulis glabris. 

Shrub or tree; braiiehlets slender, dark, obtusely tetragonal, lenticellate, 
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glabrous, iinarmed; nodes not annulate, not ampJiate ; prineipal iiiternodes 
2.5-3. 5 ein. long; leaves decussate-opposite or subopposite; petioles slender, 
weak, 5-10 mni. long, minutely and obscurely puberulent or siibglabrate, 
canaliculate above ; blades thin-cliartaceous or subniembraiious, dark-green 
above, lighter beneath, brunnescent in drying, narrow-eniptic, 4.5-8 cm. 
long, 1. 2-2.5 cm. wide, acute at apex, entire, cuneate-atteiiiiate or subacu- 
minate at base, very minutely and obscurely subpilosulous on both surfaces 
or glabreseent; midrib slender, flat above, prominuloiis beneath; secon- 
daries slender, 5-7 per side, mostly flat on both surfaces, often obscure 
above, areuate-ascending, indistinctiy joined at the margins beneath ; vein- 
let reticulation flue, mostly indiscernible above; inflorescence axillary and 
terminal, racemiform, 3-17 cm. long, niciny-flowered, the axillary ones con- 
flned to a pair in the uppermost axils; flowers not secund, more or less 
erect; peduncles slender, dark, 0.8-2. 8 cm. long, glabrous; rachis slender, 
dark, glabrous or very slightly puberulent-pilose vuth obscure and scattered 
minute hairs ; pedicels slender, 1-2 mm. long, very densel}^ strigose-piiberu- 
lent with incanous hairs, elongate to 6 mm. in fruit, iisually erect ; braetlets 
stipitate, linear or oblong, 3-9 mm. long, rather conspicuous, minutely 
pilose, long-persistent ; calyx campaiiulate, about 2.5 mm. long, rather 
densely appressed-strigillose or puberulent with ineanous luiir, 1.5-2 mm. 
wide, indistinctly eostate, its rim truncate, very minutely and obscurely 
5-apiculate; corolla hypocrateriform, its tube 4.5-6 mm. long, rather nar- 
row-cylindric, straight or curved, the lower portion glabrous outside, the 
upper portion densely appressed pulverulent-puberulent, its limb 5-parted, 
about 5 mm. in diameter, densely pulverulent-puberulent on both surfaces ; 
fruiting-calyx enlarged, leathery, nigrescent in drying, obscurely appressed- 
puberulent or glabreseent, obvolute, including the (iminatiiref) fruit, not 
beaked. 

Colombia— TERR iTORio del oaqueta: Rio Caqueta, Tres Escjuinas, 
Georcj N. Woronoiv (t S. Juzepcziik 6243, Juh" 22, 1926, type; in the her- 
barium of the Field Museum of Natural History at Cliicago. Named in 
honor of G. N. Woronow. 

Ghinia Cardenasi Moldenke, Geogr. Distrib. 28, iiom. niid. (1939), sp. 
nov. Herba sublignosa ; ramis acute tetragonis costatis densissime puberulis ; 
nodis annulatis; petiolis densissime puberulis; laminis cliartaeeis ovatis vel 
rare ellipticis argute serratis, ad basim abrupte aeutis vel subtruiieatis, 
utrinque plusminus puberulis vel supra subglabratis ; inflorescentiis axil- 
laribus spicatis ; pedunculis rhachideque densiuscule ineaiio-puberulis tetra- 
gonis costatis. 

Herb, about 50 cm. tall, woody at base; branches slender, acutely tetrag- 
onal, very densely puberulent throughout, longitudinally ribbed ; nodes an- 
nulate, not ampliate; principal internodes 1-3.5 cm. long; leaves decussate- 
opposite; petioles slender, 3-6 mm. long, very densely puberulent like the 
braiiehlets ; blades chartaceous, rather uniformly green on both surfaces or 
somewhat lighter beneath, ovate or rarely elliptic, 1.5-3. 5 euL long, 0.8-2 cm. 
wide, obtuse (in outline) at apex, sharpH serrate from almost the })ase to the 
apex with acute antrorse teeth, abruptly acute or sub truncate at base, densely 
puberulent above and densely caneseent beneath when Auiing, very obscurely 
pubenilent or subglabrate above in age, more plainly puberulent beneath ; 
midrib slender, subimpressed above, prominulous beneath ; secondaries slen- 
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der, 6-8 or more per side, close together, siibparallel, straight and asceiidintn 
mostly extending direct to the sinuses between the teeth and secondarily into 
the teeth themseh^es, mostly subimpressed above, prominuloiis l)eneath; vein- 
let reticulation sparse, obscure on both surfaces; inflorescence axillary, spi- 
cate, 4.5-18 cm. long, many-flowered, the flowers during antliesis baixdy over- 
lapping, the loweraiost separate ; peduncles (3-5 cm. long) and racliis siender, 
rather densely incanous-puberulent throughout, tetragonal and costate; 
pedicels obsolete; bractlets linear or Aliform, 3-4 mm. long, pubenileiit; 
calyx tubular, 4-5 mm. long, 1-1.5 mm. wide, 5-eostate, hyaline between tiie 
ribs, densely incanous-puberulent, its rim 5-apiculate, the apiculations Ali- 
form and 1-1.5 mm. long; corolla hypocrateriform, lilac, its tube cylindric, 
curved, 5-7 mm. long, its limb 5-7 mm. in diameter; fruiting-ealyx spread- 
ing-campanulate, about 6 mm. long and to 6 mm. in diameter, appressed- 
puberulent, its rim scalloped and long-apiculate, the apiculations Aliform 
and about 2 inm. long; fruit obovate, the body about 6 mm. long and 5 mm. 
wide, glabrous, prominently reticulate at apex, with 3 divergent horns to 4 
mm. long, sharp-i:)ointed and spine-like. ^ 

Bolivia — santa critz: Ipias — Chiquitos, in grassy pampas, alt. 230 m. 
Wlartin Cardenas 2946^ in October, 1934, type; in the lierbarium of the 
Field Museum of Natural History at Chicago. 

Lantana boyacana Moidenke, sp. nov. Friitex ; ramis ramulisque densi- 
uscule puberulis et patenti-pilosis giabreseentibus ; nodis annulatis; foliis 
oppositis ; petiolis plusminus marginatis dense adpresso-puberulis et patenti- 
pilosis; laminis chartaceis lanceolatis vel ovatis, ad apicem aeiitis vel sub- 
acutis, regulariter crenato-serrulatis utrinque dense velutino-puberulentibus 
et parce longeque pilosis, supra plerumque subbullatis; bracteolis magnis 
foliaeeis elliptieis vel ovatis vel obovatis. 

Shrub; branches and branchlets slender, obscurely tetragonal or sub- 
terete, rather more plainly tetragonal w^hen young, rather densely puberii- 
lent and also spreading-pilose with cinereous hair, glabrescent in age ; nodes 
annulate; principal internodes 0.6-5.8 cm. long; leaves decussate-opposite; 
petioles slender, 4-10 mm. long, more or less margined (especially toward 
the apex), densely appressed-puberulent and spreading-pilose with cinere- 
ous hair, the long pilose hairs abundant and 2 or 3 times as long as the 
puberulent ones; blades chartaceous, gray-green on both surfaces, lighter 
beneath, lanceolate or ovate, 1.7-5 cm. long, 1.1-3. 5 cm. wide, acute or sub- 
acute at apex, regularly erenate-serrulate along the whole margins except 
at the very base with rounded, appressed, minute teeth, densely velutinous- 
puberulent with grayish or sordid hair on both surfaces, interspersed with 
much longer pilose hairs on the larger venation, often subbullate above; 
midrib slender, flat above, prominuloiis beneath ; secondaries slender, 5-8 
per side, arcuate-ascending, rather straight and not much arcuate, flat or 
subimpressed above, prominuloiis beneath ; vein and veinlet reticulation 
abundant, mostly more or less impressed above, flat or prominuloiis be- 
neath; inflorescence axillary, capitate; peduncles slender, 2.5-6.5 cm. long, 
rather densely incanous-puberulent and long-pilose like the branchlets; 
heads hemispheric, 1. 5-2.5 cm. wdde, densely many-flowered; involucral 
bractlets large and conspicuous, foliaceous, elliptic, ovate, or obovate, the 
lowermost ones 5-11 mm. long, 2.5-7..5 mm. wide, sessile, acute or abruptly 
short-acuminate at apex, densely short-pubescent on both surfaces with sub- 
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strigose incanoiis liair; receptacle to 6 mm. long; corolla about 7 mm. long, 
its limb about 4 mm. wide. 

Colombia — boyacI: Valle de la Uvita, woods and thickets near Uvita, 
alt. 2490-2560 m., J. Cuatrecasas 1851, September 16, 1938, type; in the 
herbarium of the Institute Botanico, Bogota, Colombia. 

Lantana soatensis Moldenke, sp. nov. Frutex ; ramis ramulisque graeil- 
limis dense albido-strigosis subgiabrescentibus ; nodis aiinulatis ; f oliis oppo- 
sitis numerosis saepe f asciculatis ; petiolis dense albido-strigosis ; foliis char- 
taeeis ellipticis vel ovatis, ad apicem acutis, ad basim acuminatis, argute 
serrulatis utrinque dense sericeo-strigosis ; braeteolis ovatis. 

Shrub ; branches and branchlets very slender, gray, obtusely tetragonal, 
densely strigose with short and appressed white hair, less densely so or even 
glabrescent in age ; nodes annulate on young branchlets, less plainly so on 
older ones; principal internodes 0.5-6 cm. long; leaves decussate-opposite, 
abundant, often bearing* additional fascicles on much abbreviated twigs in 
their axils ; petioles slender, 3-6 mm. long, densely strigose with white hair 
like the branchlets ; blades chartaceous, elliptic or ovate, 0.6-2.5 cm. long, 0.4- 
1.6 cm. wide, acute at apex, sharply serrulate from the widest part to the 
apex, acuminate at base, densely sericeous-strigose on both surfaces with 
white antrorse closely appressed hair, more densely so on the larger A^euation 
beneath; midrib slender, subimpressed above, prominulous beneath; secon- 
daries very slender, 4-6 per side, arcuate-ascending, subimpressed above, 
prominulous beneath; veinlet reticulation obscure or indiseernible on both 
surfaces; inflorescence axillary, capitate; peduncles very slender, 1-2.5 cm. 
long, densely white-strigose like the branchlets; heads OAute-elongate, to 1 
cm. wide and 1.5 cm. long, densely many-flowered ; involueral braetlets OAmte, 
sessile, the lowermost to 6 mm. long and 3 mm. Avide, sharply acute at apex, 
densely AAdiite-strigose on both surfaces ; corolla about 5 mm. long. 

Colombia — ^boyacI: Soata, arid slopes, alt. 2130 m., J. Giiatreeasas 1031, 
September 6, 1938, type; in the United States National Hebarium at Wash- 
ington. 
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RELATION OF TEMPERATURE TO THE ASCORBIC ACID 
CONTENT OF COWPEA PLANTS 

Mary Elizabeth Reid 
(with five figures) 

Few investigations on the relation of teinperati?re to the synthesis and 
acenmnlation of ascorbic acid have been reported and brief mention only 
(Reid 1941) has been made of its influence on metabolic losses of the vitamin 
in intact plants. Most of these reports have dealt with the effect of tempera- 
ture on the percentage content of the vitamin at some particular stage of 
development. There is no previous work showing its effect on the total quan- 
tity of ascorbic acid at different stages of development. 

Kuthy (1938) as a result of experiments with wheat, barley, oats, and 
corn stated that more ascorbic acid is formed at 15° than at 10° C. Povo- 
lockaja (1937a) found that a lowering of temperature retards germination 
and growth and tends to increase the vitamin C concentration. This was 
noted particularly in legumes. He found (1937a) that the rate of aeeumu- 
lation of vitamin C varies with the rate of respiration and concluded that 
the relation is not fortuitous but a causal one. Moldtmann (1939) germi- 
nated seeds of several different types in darkness at different temperatures 
and determined the ascorbic acid content when they had attained approxi- 
mately the same size. The highest ascorbic acid values expressed as milli- 
grams per cent was found in Pisiim sativtini and Avena sativa grown at 
relatively low temperatures (3° C.) and decreasing values toward a high 
temperature (30° C.). In Zea mays there was a slightly higher content at 
the higher temperatures than at 10° 0. and in Polygonum fagopyrum defi- 
nitely higher at 25° than in the lower temperatures employed (5° to 15°). 
There was no difference in the ascorbic acid content otYicia faha at 5, 10, 
and 25° and in Phaseolus vulgaris a higher content at 10 and 15° than at 5 
and 25° was foMiid. Moldtmann concluded from his results that there is no 
agTeement between germination temperature and the ascorbic acid content, 
— that the temperature which is most favorable for ascorbic acid synthesis 
varies in the different types. In tests with Vicia fala and Pisuni sativum he 
reported that differences in temperature caused no change or only a slight 
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cliaiige ill ascorbic acid content but that relatively liigli temperatures defi- 
nitely favored respiratory intensity. 

Wolf (1938) studied tlie variations in the percentage content of ascorbic 
acid in detached leaves of Bryopliylliim ealyciniim when kept in darkness at 
different temperatures. At 20° C. the ascorbic acid content c|iiickly decreased, 
whereas at 7 and 37° it had decreased little after 48 hours in darkness. 

PROCEDURE 

To determine the relation of temperature to ascorbic acid accumulation 
and growth, studies were conducted with young plants grown at different 
temperatures,^ some in darkness and others in light. Seeds of uniform size 
were planted in washed white sand contained in glazed crocks of the shallow 
type. The cultures, containing twenty-five plants each, were kept uniformly 
moist with tap water. fPests were conducted with three groups of plants 
grown in darkness, one at 22°, another at 26°, and a third at 29° C. A hu- 
midity of approximately 80 per cent was maintained at each of the tliree tem- 
peratures. Four cultures, grown at each temperature were used in making 
daily determinations of the green weights, dry weights, and ascorbic acid 
content. With the indophenol method duplicate ascorbic acid assays were 
made, ten plants being used in each. Forty plants were used in each of the 
dry weight determinations. Similar tests were conducted with plants grown 
in daylight in the greenhouse, some at 24°, others at 29° C. Tests were con- 
ducted with and without the addition of nutrient solutions. 

OBSERVATIONS 

Experiments with Seedlings Grown in Darkness. The inaximum ascorbic 
acid values were lower but were reached earlier in the plants grown at 29° 
than in those grown at 26 or 22°. In one of the tests there was very little 
differenee between the maximum at the two latter temperatures but in both 
tests those at 26° were reached earlier than those at 22°. There was little 
difference in the rate of increase at the two higher temperatures during the 
first four days, whereas at the lower temperature the rate was definitely 
lower. The maximum green weight was not attained until two days later 
than the maximum ascorbic values in each of the three groups of plants. 
The maximum green weight differences may be significant but the variations 
in different tests were not always in this order and were probably caused by 
slight differences in the original weights of the seeds used in different cul- 
tures. The total fresh wmght and ascorbic acid values per plant at suc- 
cessive stages of growth in darkness under each of the three temperatures are 
shown in figure 1. The ascorbic acid curves have three phases : one, a period 

1 Temperature chambers in the Gold Storage Laboratory of the Division of Fruit and 
Vegetable Crops and Diseases, TI.S.D.A., were employed hr these experiments. 
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of very rapid aeeiimiilation at the two higher teiii])eratiires and sonieAvliat 
less so at the lower, another of less rapid increase when the reserves in the 
cotAdedons are nearing exhaustion, folloAved by a period of loss. 

days days 



Pig. 1. Ascorbic acid (mg. per plant) and green weights (g.) of seedlings grown in 
darkness at different temperatures. Pig. 2. Ascorbic acid (mg. per plant) and dry 
weights (g. X 10) of seedlings grown in darkness at dift'erent temperatures. Pig. 3. Oreen 
weight (g.) and ascorbic acid content (mg.) of seedlings grown in light at 29° and 
24° 0.' ; ' 

Separate ascorbic acid and green AA-eight determinations of the different 
organs were made. No marked differences in either the green w^eight or 
ascorbic acid values of the hypoeotyls or epieotyls of^seedliiigs groAvn at dif- 
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fereiit temperatures AA^ere found. The primary leaves attained the g’reatest 
weight at 29°, but little difference was found betAveen those groAvn at the 
other tAvo temperatures. The maximum ascorbic acid values in the leaves 
of 10 seedlings Avas 0.59, 0.54, and 0.49 milligrams at 29, 26, and 22° re- 
spectively. In contrast, in the roots the maximum green Aveights Avere 3.1, 
4.0, and 3.9 grams and the ascorbic acid values Avere 0.41, 0.80, and 0.77 
milligrams at the high, medium, and Ioav temperatures respectively. 

The most rapid synthesis of ascorbic acid from the food reserves in the 
cotyledons and the most rapid depletion of the reserves as evidenced by a 
visible loss of plumpness and a decrease in dry Aveight Avere observed at 
29°. This may be noted in the appearance of the cotyledons of five-day-old 
plants at each of the three temperatures as shoAvn in figure 4.- The maximum 
ascorbic acid values AA-ere obserA^'ed in the cotyledons at 29° after 24 hours, 
at 26° after 48 hours, thereafter decreasing in both sets. At 22° the inaxi- 
nium value was found after tAvo days and Avas maintained at approximately 
the same level until the fourth day. Shedding of most of the eotyledons 
occurred by the sixth, eighth, and tenth days at 29, 26, and 22° respectively. 

The effect of temperature on rapidity of decrease in dry Aveight at suc- 
cessive stages of development is shoAvn in figure 2. The dry Aveights continued 
to decrease for approximateh" tAAn days after the total green Aveights ceased 
to increase. During this period groAAdh continued as measured by the in- 
creasing length of the stems (epicotyls). Loss in fresh AA^eight of the hypo- 
cotyls at this stage Avas responsible for the lack of increase in total green 
weight. The results tend to shoAv that the final dry Aveight is approximately 
the same in plants groAvn at the three temperatures, suggesting that although 
the rate of respiration varied, the total amount of respiration Avas approxi- 
mately the same. 

Experiments with Plants Grown in Light. These experiments Avere eon- 
ducted during the Avinter months Avhen carbohydrate synthesis Avas greatly 
limited by the Ioav light intensity and also b.y the short daily periods of 
illumination. With the restricted carbohydrate supply only a slight effect 
on groAAdh resulted from the addition of mineral nutrients. 

Results of the tests Avith plants groAvn Avithout added nutrients are shoAvn 
in tables 1 and 2, and figure 3 shows graphically the differences in total 
green weight and ascorbic acid Amines at successive stages of deAmlopment of 
plants groAvn at 24° and at 29° C. It Avas not possible to maintain a fairly 
uniform temperature at a level loAAmr than 24° in this test. During the first 
tAvo days of the experimental period the temperature Avas approximately 29° 
for the tAvo groups of plants. BetAAmen the second and third days, following 
the shifting of half of the plants to a temperature of 24°, differences in the 

2 The leaves of the plants, especially those of the plant grown at 26°, became some- 
what green during the tinm of photographing. 
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growth rate were observed. This was at tiie time the plants were begiiming 
to emerge above the sand. It has been shown previousl}- (Reid 1938) that the 
most rapid development of the mesophyll tissue and of inerease in total 



Fig. 4. Five-day-old seedlings grown in darkness a,t 22, 26, and 29° C.-'V 

ascorbic acid in the leaves of eowpea plants grown in the light at 29° C. 
occurs between the third and fifth days. In the entire plant the rapid rate 
of gain in the total content of vitamin C continues until the sixth to the 

Figures 4 and 5 are published with the aid of the Liieien M. Underwood Memorial 

Fund. 
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TABLE 1 

Green weights {g^) of organs of planis grown in light, some at £0° C., 
others at 24^ C. 


29° 24° 




Age days 

Cotyledon 

r-i. 

o 

o 

o 

o 

o 

Ph ' 

Primary 

^ f 

Total 

aj 

O 

P-i 

Roots 

P- 

P 

c ^ 

+2 

1 

0.30 

0.02 

r, 


0.32 

0.28 

0.02 



0.30 

V.9 

0.29 

0.06 

0.07 

0.013 


0.44 

0.32 

0.04 

0.06 

0.01 


0.43 

3 

0.28 

0.12 

0.11 

0.04 

0.012 

0.56 

0.32 

0.07 

0.06 

0.031 

0.005 

0.48 

■■ 4' 

0.22 

0.23 

0.25 

0.10 

0.04 

0.84 

0.30 

0.12 

0.11 

0.06 

0.015 

0.61 

.5 

0.16 

0.26 

0.41 

0.24 

0.13 

1.20 

0.26 

0.23 

0.19 

0.11 

0.05 

0.84 

7 

0.07 

0.21 

0.78 

0.37 

0.16 

1.59 

0.11 

0.20 

0.51 

o.3;i 

0.10 

1.25 

9 


O.IS 

0.85 

0.42 

0.20 

1.65 

0.09 

0.15 

0.84 

0.40 

0.11 

1.59 

11 


0.16 

0.96 

0.50 

0.21 

1.83 


0.15 

1.0 7 

0.54 

(014 

1.90 

13 


0.17 

1.05 

0.55 

0.29 

2.06 


0.15 

1.13 

0.54 

0.14 

1.96 

15 


0.17 

1.25 

0.54 

0.41 

2.37 


0.15 

1.36 

0,60 

0.17 

2.28 


TABLE 2 

Total ascorbic acid (mg.) in organs of plants grown in light, some at C., 

others at £4° C. 

29° 24° 



1 

0.032 

0.009 

0.002 


0.043 

2 

0.055 

0.018 

0.019 

0.017 

0.003 

0.112 

3 

0.066 

0.028 

0.027 

0.054 

0.005 

0.180 

4 

0.050 

0.028 

0.059 

0.117 

0.010 

0.264 

5, 

0.010 

0.014 

0.073 

0,230 

0.014 

0.341 

7 

0.006 

0.018 

0.159 

0.257 

0.025 

0.465 

9 


0.022 

0.162 

0.307 

0.033 

0.524 

11 


0.024 

0.219 

0.346 

0.045 

0.634 

13 


0.024 

0.250 

0.326 

0.061 

0.661 

15 


0.027 

0.235 

0.326 

.0.162 

0.750 


0.033 

0.009 

(6002 


0.044 

0.074 

0.017 

0.615 

0.011 

(6001 

0.118 

0.080 

0.029 

0.026 

0.033 

0.003 

0.165 

0.075 

0.031 

0.033 

0.070 

0.006 

0.215 

0.069 

0.030 

0.O43 

0.d40 

0.014 

0.296 

0.027 

0.023 

(6129 

0,359 

0.024 

0.562 

O.OIG 

0.017 

0.237 

0.324 

0.022 

0.610 


0.020 

0.282 

0.420 

(6020 

0.742 


0.020 

0.286 

0.393 

0.028 

0.727 


0.023 

0.285 

0.422 

0.030 

0.760 
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scvciitli . Al ter tlie foiirtli day wlien tlie stored reserves are neariiig* 
exliaustion tlie gain is presumably chiefly a consec|iieiice of pliotosyntlietie 
action in the inesophyll tissue. The chief effect of a lower teiiiperatiire after 
the seedlings are about to emerge is a retardation in the rate of development 
of the inesophyll, and simultaneously in the rate of ascorbic acid synthesis. 
The differences in the rate of ascorbic acid accumulation are not so great 


Fig. 5. Fifteen-day-old seedlings grown in daylight at 24 and 29° G. 

as the difference in the rate of growth at the twn temperatures. During the 
period of extensive development of mesoph 3 dl at 24° the total ascorbic acid 
increased until it exceeded that of the high teniperatiire-plants. Between 
the thirteenth and fifteenth clays the mesophyll of the first set of compound 
leaves developed considerably and more so at 29° than at 24°, thus causing 
an appreciable increase in the total content on the fifteenth day. Had the 
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experiment eoiitinued until tlie eompound leaf of tlie 24° -plants had reached 
a like stage of development, the former diiferenee in total, ascorbic acid 
content might have again been re-established. The 24° -temperature could 
not be maintained after the fifteenth day, hence the experiment was ter- 
minated. 

The most conspicuous difference in the appearance of the two groups of 
plants was the longer epicotyls and hypocotyls and finer, more flexible, and 
more profusely branched roots of the high temperature iihints. The dif- 
ference in the appearance of the plants is shown in. figure 5. The roots of 
plants in another experiment conducted at 18--20° C. had more marked 
differences as compared to those of the 29°-plants than liad those of the 
present experiment. The roots were relatively large in diameter, they were 
extremel.y brittle and not much branched. The leaves were of a distinctly 
paler green color than those of the high temperature-plants. 


Metal) olism Experiments. Most of these experiments v’ere conducted 
during periods of relatively high light intensity, hence there was considera- 
ble growth response to fertilizers. Plants of approximately uiiiforin size and 
appearance were employed. Green weight and ascorbic acid determinations 
were made in the afternoon preceding the test period. At the time the 


TABLE 3 

Summary of results of five tests on ike metaholism of aseorhle acid In secdtlnys 
Icept at different temperatures 


Plants tested in p.m. 
previous to being 
kept in darkness 


Plants tested in a.m. following a 12- to IS-bour 
period in darkness 


Low temperature 


High er tcon ] >era t u i-es 


C. 

^3 



O 

xn 

<) 

Eh 

g; ^ 
Eh 

O 

m 

< 

CD 


C 

X 

^4 

5: 30 p.m. 

15.40 

mg. 

5.21 

5 : 30 a.m. 

13° 

f/. 

14.91 

mq. 

5.23 

4-0.4 

24° 

//. 

15.61 

■ntg. 

4.77 

„ 8 

Dec. 3 

3 : 00 p.m. 

42.07 

16.19 

Dec. 4 

9 : 00 a.m. 

8° 

41.44 

15.68 

-3.1 

27° 

43.22 

12.62 

-21 

Mar. 28 

3: 00 p.m. 

20.67 

6.91 

Mar. 29 

9 : 00 a.m. 

8° 

22.49 

7.30 

+ 5.6 

27° 

23:5S 

5.80 

-16 

Apr. 21 

3 : 00 p.m. 

12.18 

4.94 

Apr. 22 

9 : 00 a.m. 

15° 

12.72 

4.80 

- 2.8 

27° 

13.43 

4.1S 

- 15 

Apr. 29 

2: 00 p.m. 

18.09 

6.15 

Apr. 30 

8 : 00 a.m. 

20° 

18.50 

5.87 

-4.6 

27° 

19.05 

5.19 

-16 
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ascorbic acid assays were made^ comparable ciiitiires were placed in dark 
cliambers kept at different temperatures. The low temperatures ran«-ed in 
different tests from 8° to 20° C. and tlie high temperatures from 24° to 
27° C. Duplicate determinations, five plants being used in eaeli, were made 
of the green iveights and ascorbic acid content of the different organs. In 
the experiments herein reported, the results were obtained with plants wliich 
received mineral nutrients. 

Table 3 summarizes the results of five tests in terms of total value per 
plant. The results of the experiment conducted on April 29 sliow that there 
was relatively little difference in green weight (+ 4% ) and in the ascorbic 
acid content (-2.8%) of plants kept for eighteen hoars in darkness at 15°, 
whereas in those kept similarly at 27° there was a 9 per cent higher green 
weight and a loss of 15 per cent in total ascorbic acid. 

In another experiment (March 28) in which somewliat larger and older 
plants were used,, cultures kept for 18 hours at 8° showed no apparent gain 
in green weight and only a slightly lower ascorbic acid value (3.1%). Similar 
cultures kept at 27° appeared to gain only slightly in green weight and 
show-ed a loss of 21 per cent in total ascorbic acid. In the December 3-4 test, 
the plants were kept in darkness only 12 hours. The decrease in ascorbic acid 
in the plants kept at 27° was only about 8 per cent. The loss would probably 
have been somewhat greater if the plants had remained in darkness for 18 
hours and also if the temperature had been kept at approximately 27° as was 
true in the other four tests. In all the tests the losses were found in the tops, 
particularly in the leaves. 

DISCUSSION 

The results of these tests show that the temperature of germination influ- 
ences the ascorbic acid content in eotvpea seedlings with respect to the total 
quantity present at the different stages of development, to the maximum con- 
tent, and also to the final content. The temperature which favors rapid 
ascorbic acid accumulation is one which also favors rapid mobilization of the 
stored food reserves. 

There is a suggestion in these results that the temperatures wliich are 
favorable to gennination, if continued for a certain length of time; may be 
those which also permit considerable ascorbic acid accumulation. The lack of 
agreement betw^een the temperature for germination and the ascorbic acid 
content in different types of seedlings in Moldtmann’s experiments is not 
surprising. The fypes of plants which he used are knowai to vary with respect 
to the temperature which is most favorable for germination and early growth 
of the seedling. Eelatively low germination temperatures are generally con- 
sidered best for Avena sativa and Pisiim sativum, slightly higher tempera- 
tures for Zea mays and PJiaseohis vulgaris, and still hjglier temperatures for 
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Polygonum fagopyriim. Vicia fal)a does well over a wider range of tempera- 
tiires. These variations among different types of plants with respect to the 
influence of temperature upon germination agree fairly well with the Auiria- 
tioiis in ascorbic acid accumulation at different temperatures as reported by 
Moldtmann. His observation that differences in temperature had marked 
effects on respiratory intensity but caused no change or only a slight change 
on ascorbic acid content during a four hour respiratory test-period in seed- 
lings of Vicia faba grown at 12°, and of Pisum sativum grown at 25°, differs 
with respect to the ascorbic acid values from the present results with cowpea 
seedlings, and also with his OAvn results with Pisum as previously nientioiied. 
More than a very small production of ascorbic acid with four- to seven-day- 
old seedlings would not be expected during a four-hour test-period. In that 
length of time one might expect the order of change to be no greater than the 
experimental error. The'"' vitamin C values which Moldtniann obtained at 35 
to 40° in the respiration tests are, however, actually lower both with Pisum 
and Vicia than those found at 25° and 3-5° C. 

In the present tests high temperatures also favored liigli. respiratory 
intensity as evidenced by greater rapidity of loss in dry weight but they also 
caused a definite difference in ascorbic acid content, — first, a tendency to 
a more rapid accumulation leading, however, to a lower maximum value and 
later, to a greater loss. The lower maximum value found at 29° on the fourth 
day suggests the possibility of previous losses, that is, that tlie quantity found 
on the fourth day does not represent the entire amount whieh was synthe- 
sized. It is possible, however, that the lower maximum value results from a 
loss in content of the vitamin precursor. Nightly losses in ascorbic acid have 
been shown previously (Reid 1941) to occur by the sixtli night in cowpea 
seedlings grown under normal alternations of daylight and darkness. This is 
the time of exhaustion of reserves stored in the cotyledons. Similar losses pre- 
sumably may have occurred during the earlier xihases of growth, but were 
not measurable because synthesis from a stored precursor was greater than 
the loss. 

The difference in the effects of temperature on total ascorbic acid accumu- 
lation in seedlings of cereals as reported by Kuthy (1938) and Moldtmaim 
(1939) may possibly be caused by a difference in stage of development of the 
plants tested. The former investigator employed ten-day old seedlings 
whereas the latter disregarded age, using seedlings in an earfy phase of 
development which had attained a definite size. 

Similar, though more pronounced effects of high temperatures upon the 
ascorbic acid content of animal tissues have been observed. Martini and 
Torda (1937) kept guinea pigs in chambers for an hour or two at 40-46° C. 
and killed them after an acceleration of pulse and resjiiration were noted. 
The ascorbic acid consent of the liver and adrenals wuis less than half and 
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that of the brain slightly more than half that of the controls not exposed to 
the heat. These investigations also found that injeetion ot the vitamin ijjlo 
gninea pigs seemed to render them somewhat more resistant to the higli tem- 
peratnre. Losses of ascorbic acid are also known to oeciir in the tissues ot' ani- 
mals having fever prodiicing-iiifeetions but it is not known dehnitihy that 
the loss is a direct consequence of the increased temperature. 

The results of the metabolism tests show that there tend to be losses at 
night at relatively high temperatures and no or only sliglit losses at tempera- 
tures so low as to inhibit growth and presumably respiration also. Sup- 
posedly at intermediate temperatures there would be some loss but less tlian 
at high temperatures. In the results of the May sixth experiment there is a 
suggestion that this is true, although tests with larger numbei’s of plants 
Avould be required to ans’wer the question definitely. The results of the 
metabolisni tests afford a possible explanation of tfie higher ascorbic acid 
content after the sixth day in the low temperature-plants grown in the light, 
the gain in ascorbic acid being possibly caused not so much by increased 
synthesis as by a slower rate of metabolic loss. It is difficult to account for the 
inarked loss in reducing vmlue at 20° but not at 37° C. found by Wolf (1938) 
in segments of detached leaves of Bryophyllum calycinum when kept in 
darkness. It would be of interest to know wliether or not the respiratory rate 
in leaves of this type is lower at 37° than at 20°. 

The effects of temperature upon the ascorbic acid content of seedlings 
may be said to involve relations (1) to the rate of its production from the 
stored food reserves, (2) to the rate of metabolic loss, and (3) to the time 
of emergence of the seedling above the soil. Cowq3ea seedlings which emerge 
to the light quickly, when grown under customary field eoiiditions, can ap- 
parently tolerate a relatively high rate of loss because the early development 
of leaves causes them to soon become independent of stored reserves. Seed- 
lings such as those of Pisimi which emerge much more slowly, and. espeeially 
those wdiose leaves develop slowly, are not favored by high temperatures 
during their underground phases of development. Low temperatures in 
Pisum allow^ synthesis of ascorbic acid and apparently tend to conserve it. 

There is increasing evidence from various sources that whether or not 
this vitamin is of importance in relation to growth, plants do not thrive 
during their vegetative phase of growth except under conditions which per- 
mit an increase in their total ascorbic acid content. There is evidence also, 
as is here shown with cowpea plants, that in independent gi*een plants 
measurable incre<ises occur only during periods of illumination. 

SUMMARY 

The rates of accumulation and disappearance of ascorbic acid, as well 
as the respiratory intensity and rate of growth of cowpea seedlings in dark- 
ness are successively higher at temperatures of 22, 26, and 29° C. 
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Differences in the total ascorbic acid content of plants grown at different 
temperatures are associated with differences in the anioiint and tA'pe of 
growth of different organs. 

It is siig'gested that the lower maximum vitamin C coiiteiit of seedlings 
grown in daxdoiess at high temperatures ina^^ be a result of a greater meta- 
bolic loss of the vitamin or, less probably, of decreased syntliesis. 

Within an eighteen-hour period in darkness, appreciable losses of ascor- 
bic acid from light-grown plants occurred only under teinperature condi- 
tions which were favorable to growth. 

There is a lower total ascorbic acid content of the plants grown in light 
at 29° as compared to 24°. Eeasons are advanced to suggest that it may be 
chiefly a consequence of a more rapid rate of metabolic loss I’ather tlian of 
less rapid synthesis. 

National Institute of Health, IT. S. Public Health Service 
IN cooperation with 

Division of Forage Crops and Diseases 
U. S. Department of Agriculture 
Arlington Experiment Farm 
Kosslyn, Virginia 
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STUDIES IN THE ERICALES: A REVIEW OF THE NORTH 
AMERICAN GAYLUSSACIEAE; WITH REMARKS ON 
THE ORIGIN AND MIGRATION OF THE GROUP 

W. H. Camp 

INTRODUCTION 

111 Ills Manual, Small treated the North American imekleberries as three 
genera ditferent from Gaylmsacia} Shortly after, in the first of this series 
of Studies^' I questioned the advisability of these segregations primarily on 
the basis of our incomplete knowledge of the South American material. It 
has since been necessary for me to study certain species from that region in 
some detail. At the same time the available material of the genus was re- 

't ^ 

examined and the literature of the group brought together in greater com- 
pleteness. The results of this survey are presented here. 

The Gaylussacieae, a tribe of the Vaeciniaeeae [or if one prefers a 
broader phyletie interpretation, a tribe of the subfamily Vaeeinioideae of 
the Ericaceae I is limited to the western hemisphere,'^ the greatest concen- 
tration of species being in southeastern Brazil. Since it seems apparent that 
the group arose in South America, where only one genus is recognized, no 
taxonomic segregation should be attempted until the material of that con- 
tinent has first been studied, at least in some detail. So far as I can ascertain 
this has never been done. 

The more common and widespread of the North American Gaylussacieae 
were, for the most part, described first as species of Yaccinium, We there- 
fore find that the earliest literature dealing with them as a group was pri- 
maril,y concerned wuth their separation from this genus rather than from 
the South American type of Gayhmaoia, Although Oa-ijliissacia was de- 
scribed in 1818 on the basis of Colombian and Yenezuelan material, it was 
not until 1841 that the North American forms now placed in the tribe were 
suspected as being fundamentally different from Yacmmmi} The group 
was then given the provisional name Decachaena T. & G. The same year 
Nuttall presented a paper in which the North American material known to 
him was held as separate from both Gaylussacda and Yaccinium^ the empha- 
sis being placed on its difference from the latter genus. In this paper, pub- 

1 Small, J. K., Manual of the Southeastern Flora, pin 1007-1010, 1506. 1933. 

2 Camp, W. H., Bull. Torrey Club 62: 129-132. 1935. 

3 The Boimeau Bigiolepis, sometimes placed in the Gaylussacieae, seems to have closer 
affinities with the Vaceinieae. 

4 Gray, Asa. Am. Jour. Sei. 42: 43. 1841. The same note may be found in Gray, Asa. 
Bond. Jour. Bot. a: 234. 1844. 

5 Nuttall, T. Trans. Am. Phil. Soc. 11. 8: 259-261. 1842. Although the date of this 

publication is generally given as 1843, there is evidence that the part containing the above 
cited pages appeared in December, 1842. ® 
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lished in 1842, he proposed the name Decamerium for the gToiip. The 
following year Torrey*' placed those species with which he was eoneerned in 
Qayliissacia. xind, except for a brief and abortive noinenelatiiral exeiirsioii 
led by Kiintze" into Adnaria, they remained there until 1931. Finding that 
he could make some new nomenclatural combinations, Ashe" in that year 
revived the name Decamerium and dumped into it all the Nortli American 
species which, because they were either misunderstood or unkiiown to him, 
had not been included by Nuttall. Two years later Small {l.c.) resurreeted 
Decachaena, placed part of the North American species under it and erected 
two additional genera for the remainder. 

If we take up the problem of Decachaena T. & G. (1841) vs. Deeameriiim 
Nutt. (1842), there is little argument. The brief and informal dis(mssion by 
Gray in a footnote (Ic. 1841), wherein he refers to it as '' Decachac ua Torr. 
et Gray ined./' can scarcely be taken as a valid description, even though 
there is a reasonably clear outline of the diagnostic characters of the group 
separating it from Vacdnium as well as mention of the type and additional 
species which he intended it to contain. Ashe’s note (lx. p. 197) wliere he 
states that ^ Ahe name [Decachaena] apparently was given only a subgeneric 
significance ” is obviously incorrect, otherwise both Torrey (7.r.) and (jray‘* 
would not have listed it as a synonym of Gaylussacia coequal with Deca- 
medium Nutt. The important fact is that Gray did not give us a foiunal 
description of Decachaena in 1841 and, before lie could, Nuttall liad already 
published his Decamerium. Its status, therefore, is only that of a nomeii and 
should have given way to Decamerium in Small’s treatnieiit. However, 
Decachaena is available as a subgenus or section and, altliough applied too 
broadly, has already been used as such by Drude.^" 

THE SOUTH AMERICAN SPECIES 

Before we become lost in a discussion of the less interesting but luna^ssary 
nomenclatural history of the group, let us turn to the material representa- 
tive of the bulk of the tribe — to the South xiinerican species. 

It is not my intention to treat the South American material in anything 
approaching a satisfactory manner either in this place or in tlie immediate 

6 Torrey, Jolm. El, N. Y. 1: 448-449. 1843. 

7Kuiitze (Rev. Geii. 1891) transferred forty-eight vacchiiaceous plants — mainly of 
the genus Gaylussacia— into Adnaria Raf. My conclusion that Adnaria does not belong 
in the Vaeciniaceae but in the Styracaceae is discussed in a paper now in press (Casta- 
NEA) under the title Studies in the Erieales: The Search for Adnaria odorata Raf., and 
Ardutus oUusifoUus Raf.^^ Since Adnaria Bn f. (1817) properly beldiigs to the Styraca- 
ceae the conservation of Gaylussacia H.B.K. (ISIS) over it was unnecessary. 

[The paper inentioned above has since appeared; Castanea 6: 80-83. 1941.] 

s Ashe, W. W. Rhodora 33: 197-198. 1931. 

9 Gray, Asa. Spop. Pl. N. A. Ed. I. 1878; Ed. 2. 1886. 

loDrude, O., in Engl.-Prantl, Nat. Pflfam. 4U 50. 1889. 
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future. The assembling of material adequate for a definitive taxonomic treat- 
ment is impossible at the present time. The genus is poorly collected many 
of the species being known only from the types or from a few si-attered 
examples; the area wherein we find the greatest coneentration of ilesm-ibcd 
species is in need of considerably more botanical exploration; and bemmse 
of the complicated and interlocked variabilities of the collections now before 
me, it is obvious that a personal knowledge of the plants in the field would 
be most desirable. But, even so, there is sufficient material at hand to give 
us a reasonably clear picture of the genic reaction-pattern of the group. 

Characteristically, the South American members of the Gaylussaeieae 
are small or medium-sized shrubs, often with underground rhizomes, and 
with relatively small, persistent and often pubescent leaves. The majority 
of the species bear gland-hairs on various of the organs, a common trait of 
the Ericales; and the inflorescence is generally rahemose, often with per- 
sistent leafy bracts. 

When one examines this material, it is apparent that evolution has 
progressed along several lines. The leaves may have become reduced, par- 
ticularly in width, often with their margins revoiute, and they sometimes 
may be essentially glabrous. The gland-hairs have evolved into two general 
types: (1) clavate-stipitate structures, their filiform bases varying consid- 
erably in length, the glandular portion with no visible pellicle, and (2) capi- 
tate, subsessile glands wdth an obvious pellicle. There also appear to be forms 
transitional between these two gland types. It is also apparent that several 
of the lines have given rise to forms which rarely bear glands of either type 
except perhaps for a few scattered on the inflorescence or along the leaf 
margins or, on occasion, these may be lacking. In the more highly evolved 
forms the primitive, persistent, leafy bracts of the infloreseence may be 
reduced to mere bracteoles and become eariy-cadiieous. In these forms it is 
not unusual for the racemes also to be reduced. The flowers, although vary- 
ing considerably from species to species, do not seem to show any basically 
different structures. It is certainly evident that the inflorescence patterns 
and flowmr structures of the South American forms do not exhibit the wide 
diversity found within the genus Vaccinium (sen.su lato). 

In my examination of the available South American material I have 
noted the presence of relatively well marked sections or species-groups, par- 
ticularly toward the ends of the several lines of evolution where marked 
divergences in habit and structure are obvious. Yet, when the group is 
viewed as a wffiole, these lines seem to become tangled in a common plexus 
so that, for the present at least, I am at a loss to find any combinatioii of 
characters wffiich would serve to separate them into clearly defined or easily 
separable units of more than subgeneric rank. But this statement is made 
with certain reservations, for I have as yet made no attempt to compare the 
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correiated leaf, gland, and inflorescence types and corolla forms, eitlier with 
the known differences in anther-filament ratios (which may be merely a 
function of corolla length) or the differences in pubescence of the filaments; 
and, what is more important, I have been unable to re-examine in any com- 
pleteness the carpel morphology of the various South American species. This 
last task will be essential in a definitive study of the group, and might serve 
to exclude from the tribe certain of those forms which appear to be pecu- 
liarly aberrant. 

Briefly, then, with specimens of a reasonable majority of the South 
American Gaylussacieae before me, I am unable to discern any points of 
difference of snfficieiit magnitude which, for the present, would lead me to 
separate the group into segregate genera coequal with Gaylussacia as typi- 
fied by G. luxifolia H.B.K. However, sectional and subseetional units may 
be recognized, if only fGr convenience in systematic treatment. 

THE RELATIONSHIPS OP THE NORTH AMERICAN SPECIES 

It is to be admitted without argument, if one deals solely with the North 
American species, that they fall into three very well marked groups. 
Furthermore, these groups are so distinct in their general appearance and 
detailed morphological characters that one readily suspects that they have 
had separate origins and represent different kinds — or genera — of plants. 
It is obvious that Small came to this conclusion while preparing his 1933 
Manual. And it is to be admitted that I, too, at times in my general writings 
and remarks, have been swayed toward this viewpoint, being too much 
influenced by the weight of authority.^’ 

Small (Man. p. 1007) left no doubt that he considered the North Amer- 
ican material to be different from the South American for he says: ^^This 
[Decacliaena] and the two following genera and Buxella] are 

often included in Gaylussacia which, however, technically considered, forms 
a group of plants confined mostly to northern South America.^’ Small had 
ample precedent for keeping the North American and South American 
forms separate, for we find the North American material treated by pre- 
vious authors as follows : 

Niittall {l.c. 1842) — Decamerium. 

Hooker f.^^ (1876)- — Gaylussacia Sect. Decamerium ; and Sect. Vitis-idaea 
(= Buxella Smsll) . 

Drude {lx. 1889) — Gaylussacia Subgen. Decacliaena; and Subgen. Pseudo- 
Idaea {= Buxella Small) , 

Ashe {lx. 19S1)— Decamerium. 

In the foregoing list, it is interesting to note that the two students of our 
local flora — ^Nuttall and Ashe — applied a single generic name to all our 

Hooker f., m and Hook. f. Gen. PI. 2: 573. 1876. 
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Nortli Ainericciii material, keeping* it separate from Gciylusscicio ; ■whereas 
the svsteinatists — Hooker and Driide — ^recognized tivo sections or siibgeiiera, 
but kept these separate from the South American Eulusscwia (Hooker as a 
section, Drude as a subgeiius). And as further corroboration of this view^ 
that the North American and South American Gaylussaeieae are separable, 
Sleumerd- in his current systema of the Vaccinioideae (as a subfamily of 
the Ericaceae) treats the Gaylussaeieae as a tribe consisting of the singie 
genus Gaylussacia, but having in it the following three divisions : 

Sect. I, Decacliaena — all North American species except one. 

Sect. II. Vitis-idaea — ^the North American {?. hrachycera (Michx.) Gray. 
Sect. III. Euliissacia — all South American species. 

Thus, for a century, the continuity of the concept that the North ximer- 
ican Gaylussaeieae are jihyletieally separate from those of South America 
has been maintained. 

Let us now briefly examine the North American genera as defined by 
Small and see in wdiat manner — and ‘Aeehnically considered” — they differ 
from the general pattern of the South American group. We shall first con- 
sider Last ococcus. 

As defined b.y Small, the genus Lasiococcus consists of three species : 
L, divmosus^ a species of the Coastal Plain from Louisiana to Florida and 
northward to Newfoundland; L. Mosieri, locally abundant on the Coastal 
Plain mainly in Florida and from there to Louisiana ; and L. orocola, known 
from a single locality in North Carolina. 

SmalFs descriptions are, wdth one exception, ample. He has not men- 
tioned the type of gland-hair characteristically present on the leaf, the 
inflorescence, and hypanthium (or in maturity, the fruit). In this group 
of species the glands are elavate-stipitate and do not have an obvious 
secretioii-i9elliele. 

If "sve noW' consider L. 3£osieri and compare it wdth eertain Brazilian 
species (e.g. Gaylussacia pseudo gauUheria Cham. & Sehlecht. ; G. Mspidida 
Meissn.) w^e note a great similarity. In fact, I have specimens of Lasiococcus 
Mosieri before me wdiich I cannot easily separate from individuals of 
Gaylussacia pseuclogaiiltheria, a species knowm from the States of Parana, 
Minas Geraes, etc.^‘^ It is also obvious that these species are part of a complex 

12 Sleiimer, H, 'Vaccinioideen-Studien. Bot. Jalirb. (Sond.-Abdr.) 71: 375-510. 1941. 

12 The question will immediately arise as to why I do not here place L. Mosieri in 
synonymy under G. pseudo gatiMlieria. I have not done so solely for the reason that the 
specimens of both species before me exhibit eertain variations which must be considered 
only in the light df the type of the Brazilian form, which I do not have. The decision 
whether G. pseudo gaultlieria should be broadly defined so as to include L. Mosieri, or 
whether it should be rigidly delimited into two groups, so that L. Mosieri would include 
part of what is now considered to be G. pseudogaultheria, must vrait for a definitive treat- 
ment of the group and a comparison of the types of both. It is sufficient only to point 
out at the present time that I am unable to separate certain forms from Florida and 
Brazil into different species. 
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related via G. amazofiica Huber of tlie Amazoiiiaii low-land carnpos and 
G, cacauminis A. C. Smith of Mt. Duida (Venezuela) to G. huxifoUa 
a Venezuelan and Colombian species, the type of the genus. 

It is also worth reealling that, on a recent trip to the so nth eastern 
Coastal Plain (March, 1941), I noted that i. dumosus had persistent leaves, 
at least north'vvard into North Carolina. In Florida, L. Mosieri often retains 
its leaves in a living condition throughout the winter and well into the next 
season, at least until the flowers are present and the new set of leaves is 
well developed. Persistent leaves are, of course, charaeteristie of the South 
American members of the tribe. 

So far as the general pattern of the plant is concerned L. orocola appears 
to oceupy a position somewhat intermediate between X. dumosus and 
L. Mosieri. If the material had come from the Coastal Plain it might be 
thought to be only an fntergrade form. However, its presence in only one 
place, and this an isolated, high-altitude, swampy area near Flat Rock, 
Henderson Co., North Carolina — in the general region of the Blue Ridge 
which I recognize as being rich in archetype ericaceous species — leads me 
to suspect that this species or its immediate ancestor may have been intro- 
duced into North America in remote times and that this single knoMui 
locality represents a marked restriction of a once much wider range. It 
should be sought for further in similar areas in the Southern Appalachians 
and Inner Piedmont. Because of the aceumulation of morphological reduc- 
tions characteristic of the species, it is obvious that, within its group, the 
more northerly ranging L. dumosus is a derived form. 

In the absence of any cytological data, no phyletic sequence will be given 
for these three species. It is to be noted here only tliat these three North 
American forms, segregated by Small into the genus Lasiococcifs, are closely 
related and have the same plant habit, inflorescence type, stipitate glands, 
etc., characteristic of a group of South American species of GaylussaGia of 
which one is the type of the genus. Furthermore, if Lasiococcus Small (1933) 
could be held as separate from Gayltissacia the name would iiave been an 
unfortunate choice, being eonf usable with the previously des('ribed Lasio- 
qocca Hook. f. (1887), one of the minor genera of Oriental Eiipliorbiaceae. 

Our next group for consideration is Hccac/iaana (sensii Small non Gray). 
Here I recognize five species. These differ from the foregoing group by 
having capitate, subsessile glands which, at maturity, exhibit a well-marked 
pellicle filled with secreted resinous substances^ ^ as well as additional (but 

In many instances, as on mature organs under natural conditioBS or on lierbariiini 
material, these globules have collapsed by rupture of the pellicle, leaving the resinous 
'^spots'' charaeteristie of the p*oup, together with the remnants of the secretion cells. 
In the foregoing group of species, the stipitate glands either contain the oil within the 
cells or secrete it on their surfaces without the formation of a notably disttouh'd pelliele. 
Because of their differences in viscosity, adhesiveness and drying qualities, It is my opinion 
that the basic compounds secreted in the two groups may be chemicalh' dissimilar. 
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not constant) differences in habit, leaf form, inflorescence pattern and 
flower shape. 

Of the three ''sections’^ or speeies-gToups previously recognized by me 
in the North American members of this group (Camp, lc.)~m the present 
paper called subsections— it is to be noted that one, the Baccafae, has the 
resinous glands on both the upper and lower surfaces of the leaf, althoiigh 
they are much better developed on the latter. Both the Ursmae and Fron- 
dosae have these glands limited to the lower surface. 

Of the five species in this series, three ( 6r. haccata, G. nana and G. tonien- 
tosa) have much the same general habit, being smallish shrubs much given 
to the formation of extensive clones. Conversely, the remaining two 
{G. frondosa and G. ursina) are generally taller plants (particularly 
G. frondosa, which may sometimes reach 3 meters), neither of which form 
the extensive, matted clones characteristic of the previous three, although 
they do spread to a certain extent by means of rhizomes. 

It was only natural for Gray when he described the entities nana and 
tomeyitosa to consider them merely as varieties of G. frondosa, a plant with 
which he wms personally familiar. Their smaller stature would also lead 
one to the conclusion that they w^ere only variants (possibly due to habitat) 
of the more wddespread species. It is dangerous to extrapolate one^s infor- 
mation too far, yet unpublished data available to me gives clear evidence 
that the archetype, diploid species of YaccAnmm are, for the most part, 
low^ forms spreading extensively by underground rhizomes, -whereas their 
tetraploid derivatives invariably are coarser plants and generally less given 
to the formation of extensive clones. As a further extension of this general 
principle, certain of the derived hexaploid forms may, in favorable situa- 
tions, reach a height of 8 meters, often being compact monopodial shrubs. 

If the Gaylussacieae follow the general pattern of the Yaccinieae (wdiich 
seems quite likeljG we therefore should be wary of considering the entities 
nana and tomentosa merely as varieties of G. frondosa; rather, it is more 
likely that the wide-ranging G. frondosa has been derived from one (possibly 
nana) or even by allopolyploidy from a combination of both. For this reason, 
and until the cytological picture of the group is known, I prefer to treat 
these three as distinct entities of specific rank. G. baccata is, incidentally, 
knowni to be a diploid species and is isolated from those forms which I sus- 
pect are diploids by differences in ecological preferences; at least its range 
is different. 

If W'C turn our attention once more to the South American material, it 
is obvious that subsessile glands wdth pellieulate membranes are character- 
istic of another group of species (e.g. G. octosperma Gardii., G. ledifolia 
Mart., G. Chamissonis Meissn., (7. paMida Cham., G. thymelmoides Meissn., 
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etc.),^" apparently abundant in eastern Brazil. Regardless of tlie ultimate 
nomenclatiiral disposition of these forms, it is sufficient only to point out 
that the gland type eharaeteristie of a group of species in North America 
is also found in a series of South American forms of Gaylussacia. In turn, 
a few of these do not appear to have the pellicle so well developed as in the 
North American species and seem, in part, to connect with additional forms 
indicating transition stages between this gland type and that cliaracteristic 
of the more primitive — and typical — species of the genus. In habit, these 
South American species have much in common with the low-growing forms 
previously noted from North America. Of the South American species (e.g. 
G. octosperma Gardn., or at least Glaziou 16229 from tlie Organ Mountains 
and so labeled), a few have abundant and large glands on the lower leaf 
surface and almost none on the upper, a condition similar to that in the sub- 
sections Frondosae and whereas others of tliein 1^1^^ tlie glands on 

both surfaces as in the subsection Baccaiae. 

Admittedly, the South American species here listed liave smaller and, 
in general, more indurated leaves than those in Nortli America ^vith which 
they seem to be most closely related. But if we take tliese Soutli American 
forms and place them at one end of a series and G. nrsina — tlie coarse and 
thin-leafed species now limited to the Southern Appalachians — at the other 
end, we will immediately note that G. haccata^ G. tomentosa and G. nana 
occupy their respective niches in intermediate positions in tlie plexus of 
forms bearing pelliculate glands here under discussion. 

It is therefore obvious that the group of Nortli American species placed 
b}^- Small in Demchaejia cannot, except on the flimsiest of chai'acters, be held 
separate from South American forms which lie well A\’ithiii tlie present 
definition of the genus Gaylussacia. 

^Ye now come to the last of Smairs three genera of Nortli American 
huckleberries, composed of the monotypic Bu;rella brachycera. There is little 
to add to Wherry’s excellent accounh^*’ of the history of ()ur knowledge of 
this interesting plant. Among our North American liuckleberries it is cer- 
tainly the best marked species on account of its heavily indurated evergreen 
leaves, devoid of glands on either surface. The li\'ing plant lias mueh the 
aspect of certain species of Vaccinium and its infloresi'em'e pattern, flower 
and fruit conformation ser\^e only to heighten tlie illusion. In fact (and 
again on the basis of the North American material only) it would certainly 
appear to merit generic rank, the carpel morphology being the only charac- 
ter which gives us a clue to its relationships. 

It is to be remembered that I make no warranty as to the eorreet application of 
these names, some of which may be synonyms of earlier species. They are names whicli 
are associated with important South American collections, in some instances the types, 
now before me and which must stand or fall only in the light of a future and much 
needed revision of the genpts. 

16 Wherry, E. T. Bull. Torrey Club 61: 81-84. 1934. 
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But in our examination of the South American material from Brazil Ave 
come upon such things as Gaylussacia Biedelii Meissm, and G. salicifolia 
Cham. & Schleeht., with heavily indurated and obviously evergreen leaves, 
their margins coarsely toothed (as are those of BiixeUa braeJiycera) and 
apparently devoid of any glands. They also have the longitudinally grooved 
bark (in dried material) so characteristic of B. hrachycera. To be sure, 
they are coarser plants and, on occasion, may bear glands in the inflores- 
cence, these being sometimes limited to the hypantbium. But if the Brazilian 
species mentioned above are not exact matches for our oavii plant, Ave have 
to look only to additional forms in the general region of speeies-coiiceiitra- 
tion in eastern Brazil to And those Avhich, on one extreme, match our plant 
in habit, being Ioav, cespitose clone-formers and, again, other species com- 
pletely devoid of any type of gland. 

Briefly, then, had the plant for which Small exacted the genus BuxeUa 
come from Brazil rather than from North America, it never would liave 
been thought of as anything except a species of Gaylussacia. Furthermore, 
if Smairs Buxella did not already have phyletie unsoundness, it certainly 
AAmiild have nomenclatural troubles. Buxella Small (1933) was already pre- 
occupied by BuxeUa Van Tieghem (1897), a genus to Avhicli several species 
of Buphorbiaceae (sensu lato) from Africa and Madagascar had been 
referred. 

CHECK LIST AND SYNOPSIS OF THE SPECIES OF GAYLUSSACIA 
IN NORTH AMERICA 

Because of certain minor errors of citation in the literature and omissions 
from important bibliographic sources, as Avell as for the use of those pre- 
paring manuals, local notes, etc., it is thought best to list here, together Avith 
the basic and most common synonyms, the North American species of Gay- 
lussacia as I understand them at the present time. The various described 
subspecific entities have been omitted. They Acill be taken up at another time 
following a more definitive (and it is hoped genetic) analysis of tlie group, 
together Avith a complete synonymy. Their inclusion in this place is thought 
to be unneeessar}". 

Gaylussacia H.B.K. Noal Gen. Sp. PL 3: 275. t. 257. 1818. 
tynom. conserAvFGsee footnote 7). 

(A) Plants, especially the leaf surfaces, bearing clavate-stipiate gland- 
hairs, their glandular portion VAuth no Ausible secretion pellicle. 

Seetioh I. Euhissacia Hook. f. ; Bentli. & Hook. f. Gen. PL 
2: 573.1876. (Sensu specie! typicae generis, non 
aiictorum variorum. ) 

1. G. Mosieri Small, Torreya 27 : 36. 1927. Lasiococciis Mosieri Small, 
Man. SE. FL 1009. 1933. G. Mosieri Camp, Bull. Toiirey Club 62: 132. 1935 
( comb, superflua ) . 
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2. Of. OROCOLA (Small) Camp, Bull. Torrey Club 62: 132. 1935. Lasio- 
coccus orocola Small, Man. SE. FI. 1009. 1933. 

3. C. DUMOSA (Andr.) A. Gray, Clilor. Bor. Am. 50. 1846. Yacchikm 
diimosum Andr. Bot. Eep. 2: pi. 112. 1800. Vaccinkifri Mrtelliini Ait. f. 
Hort. Kew, Ed. 2, 2; 357. 1811. Lasiococcus dumosus Small, Man, SE. FI. 
1008.1933. 

(AO Plants, especially the leaves, bearing capitate subsessile glands with 
an obviously inflated pellicle. 

Section II. Becackaena (Torr. & Gray) Sleiimer, Bot. Jahrb. 
(Sond.-Abdr.) 71: 383. 1941. (Sensu speeiei typieae, 
non auctorum variorum. Ea est Yaccmiiim 
resinosum Ait. ) 

(B) Leaves glandular on both surfaces. 

Subsection Baccafae. 

4. G. BACCATA (Waiig‘.) K. Koch, Dendr. 2: 93. 1872. Andronieda hac- 
cata Wang. Beitr. 111. ‘pL 30, f. 69. 1787. Yaccinimn resinosum Ait. Hort. 
Kew 2: 12. 1789. G. resinosa T. & G. ; Torr. FL X. Y, 1: 449. 1843. 
Becackaena haccata Small, Man. SE. FI. 1008. 1933. 

(BO Leaves glandular only on the lower surface. 

(C) Leaf apices acute to acuminate. 

Subsection Ursinae. 

5. G. URSiNA (M. A. Curtis) T. & G. ; Gray, Chlor. Bor, Am. 49, f. 10. 
1846. Yaccinium ursinmn M. A. Curtis, Am. Jour. Sci. 44: 82. 1842. Beca- 
ckaena ursina Small, Man. SE. FI. 1008. 1933. 

(CO Leaf apices rounded to obtuse. 

Subsection Frondosae. 

6 . G. TOMENTOSxi (Gray) Small, Bull. Torrey Club 24: 443. 1897. G. 
frond, osa var. tonientosa Gray, S 3 U 1 . FI. N. A. Ed. I. 2^: 19. 1878. Vaccinkim 
tomentosum, Pursli; Gray, Syn. FI. N. A. Ed. I. 2^: 19. 1878 (as synonym). 
G. iomentosa Pursh, ex. Gray; Small, Bull. Torrey Club 24: 443. 1897 (in 
synonymy, combination in error). G. tomentosa (Pursh) Cliapm.; Small, 
FI. SE. U.S. 892. 1903 (in error), Becackaena iomentosa Small, Man. SE. 
FI. 1007. 1933. G. iomentosa Small; Small, Man. SE. FI. 1007. 1933 (as 
synonym). 

7. G. NANA ' (A. Gray) Small, Bull. Torrey Club 24: 443. 1897. (?. 

frondosa var. nana A. Gray, Syn, FI. N. A. Ed. 2. 2L* siippl. 396. 1886. 
Becackaena nana Small, Man. SE. FI. 1008. 1933. 

8 . G. PRONDOSA (L.) T. & G.; Torr. FI. N. Y. 1: 449. 1843. Yaccinmni 
fronclosnm L. Sp. PL 351. 1753. Becacliaena frondosa Small, Man. SE. FI. 
1007. 1933. 

(A'O Plants eglandular. 

Section III. Yitisddaea Hook, f, ; Benth. & Hook. f. Gen. PL 

2: 573. 1876. 

9. G. BRACHYCERA (Michx.) A. Gray, Chlor. Bor. Am. 54. 1846. Yac- 
ciniurn krackyce^ncni M.iehx. FI. Bor. Am. 1: 234. 1803. Yaccinium kuxk 
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folium Salisb. Parad. Loud. pi. 4. 1805. Buxella brachycera Rinali Man 
SE. FI. 1009. 1933. 

A NOTE ON THE AUTHORITY FOR THE COMBINATION: 

GAYLUSSACIA TOMENTOSA 

It is possible that future questions may arise coiieerniiig luy clioice of 
authority for the combination G. tomentosa. For this reason a disciission 
of the situation is here iiicluclecL 

The first use of the epithet tomentosa was as a variety of G. f rondosa by 
Gray in 1878. (For complete citations, the foregoing synonymy may be con- 
sulted). In the same place, Gray listed the source of his name as ‘nhmcmhiwi. 
tomentosum, Pursh, ined.’' There is no evidence that Piirsh ever published 
a description of this entity, so we must conclude that Gray got the name 
either from some correspoudence, or from a name appended to an lierbarium 
sheet. In 1897, in a study of the genus Gaylussacia in the Southern States, 
Small headed the paragraph discussing this plant as Gaylussacia tomentosa 
Pursh, listing the original Gaylussacia frondosa var. tomentosa A. Gray as 
a synonym as well as ^‘Gaylussacia tomentosa Pursh/’ but credited this last 
as being published by Gray ‘Gis synonym” in the same place as the original 
description of the variety. This was obviously an error on Small’s part, for 
Gray had listed it as “Vaccinium tomentosiini^ Pursh, ined. ” 

Apparently realizing this error, Small in his 1903 Flora assigned this 
combination to Chapman. This was repeated in the 1913 edition. I have 
searched through all of the editions and as many of the various printings of 
Chapman’s Floras as are available, as well as his few writings outside of 
these, and have been unable to locate any such combination, or any mention 
of the name even as a vaiuety, and am forced to the conclusion that this was 
a further error on Small’s part. 

In 1933, in his Manual, Small resurrected the invalid genus Decachaena 
and made the combination D. tomentosa^ listing G. tomentosa Small as a 
synonym. This, I think, can be taken as clear evidence that by 1933 Small 
realized his G, tomentosa Pursh ex Gray of 1897 and his G. tomentosa 
(Pursh) Chapman of 1903 were both in error. 

It is opinion that, since Pursh never gave us a description of the 
plant, mention of the authority for the name by Gray in synonymy as 
''Pursh, ined.” does not constitute valid publication and that Gray should 
be credited with having first published the name as a taxonomic entity. 
Furthermore, even if he did assign the combination (?, tomentosa first to 
Pursh and latdr to Chapman, it was Small himself who, apparently by acci- 
dent, made the combination in 1897. It is therefore my conclusion that the 
authority for the combination should be: Gaylussacia tomentosa (Gray) 
Small. 
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It is to be furtlier noted that, althougli the coiiibination Gayhissacia 
tomeniosa has been in common use in American botanical literature since 
1897, 1 find no record of it either in the Index Kewensis and its Supplements 
or in the '‘Card Index of Genera, Species and Varieties of Ainerican Plants, 
1885 to date’ —this last commonl.y called the "Gray Herbarium Cards.” 
This omission can scarcely be blamed on the editors of these indexes, for 
when the combination was made it was done in such a manner as to lead 
those who collate these invaluable bibliographic services to the eonelusion 
that it was one which surely must have been listed previously. 

THE NORTHWARD MIGRATION OP GAYLIJSSACIA 

The problem of origin and dispersal. It is with a certain temerit.v that 
I discuss the broader aspects of the distribution of the genus Gaglussacia in 
this place and prior to ^much needed taxonomic revision of the genus. l"'et 
I cannot forego the opportunity of remarking upon the close affinity of cer- 
tain of our North American plant-groups witli those of Soiitli Anierica, and 
the need to consider them before we attempt any segregatiojis in oiir own. 
Too often, a familiar group, when examined solely in the liglit of knowledge 
based upon a restricted area, tends to lead one into the pitfall of a hasty 
and misguided taxonomic segregation ; whereas, if the group as a whole is 
studied it may be seen that the apparently separable local material repre- 
sents only the end-products of a series of e^’olutionary lines stemming out 
of a common j^lexus. The North American huckleberries cert a in 1 a' iHiistrate 
this point. 

If one follows Sleumer’s latest systema (which we trust is only tenta- 
tive) and puts all the South American inembers of Gaylussacia into a single 
subgeneric group, it is obvious that the genus becomes (if tluu’e is sueli a 
thing) monosectional, for the remaining sections — including only the North 
American species — are much less variable, have close relati\a.‘s tliere and 
should be placed with parallel material now in the sur>pos(Mlly wlioliy South 
American Section Eulussacia. Where the material warrants and exhibits 
even habital differences it is sometimes advisable to make regiunal divisions 
for the convenience of easier key construction. But to make pliyletie divisions 
solely on a geographic basis sometimes leads to an absurditc^, such as find- 
ing two forms as those going under the names G. Mosieri and G. pseudo- 
gaultlieria placed in different sections, or even genera — forms bet’veen which 
I can scarcely discern varietal differences. 

This close affinity of our North American huckleberries with those of 
South America needs to be considered rather carefully from the standpoint 
of plant migration. Of course, birds can alwa^^s be used to explain apparently 
unusual distributions. It is true that birds do eat huckleberries, and this is 
probably their major uiethod of dispersal. But it is approximately four 
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thousand miles between the northernmost known plant of G. pseudogauU 
theria and the southernmost plant of G. Mosieri, its scarcely separable rela- 
tive. And that, to me at least, would seem to be an unusually long non-stop 
flight for most of our frugivorous birds. Furthermore, even greater ilistanccs 
separate the other North American species from their South Amerii'aii 
relatives. Therefore, our problem is to reconstruct a picture of the paleo- 
geography of the area bounded by the outlying members of the geiiiis; to 
ascertain, if possible, where they might have had their origin and whether 
tliey migrated from that area in a normal manner by gradual steps across 
existing land (or at most across short distances of writer), or whether w^e 
will be forced to the conclusion that some unusual type of dispersal has been 
operative in the dissemination of the group. 

Historical backgrounds of the present distribution in South America. 
The genus Gayliissacia has three centers of concentration, the primary being 
in eastern Brazil, where we find about forty species. Twx) secondary centers 
are found, one in northw'estern South America from northern Peru to 
Colombia (wdth minor outliers in Venezuela) ,• the other is in eastern North 
America. Both of these last mentioned areas have the same number of 
recorded species (i.e. 9, with the exact number for South America being less 
certain than for North America). 

I cannot here go into a lengthy discussion of old land areas and their 
relation to centers of plant dispersal, but the correlation betw^een the present 
distribution of Gaylussacia and certain land masses know’ii to have been 
emergent for a long time is so close that to speculate on the dispersal of the 
geiiiis requires a brief consideration of these areas and the possibility of 
their former connection. 

In the geological part of this discussion I make no pretense of any great 
originality, but have drawn freely from the wudtings of Schuchert,^^ Braii- 
ner,^^ James, Tate,-^ Hitchcock,-^ and others. Howuver, not being a profes- 
sional geologist or geographer, I have had no great hesitancy in making 
certain generalizations from which, otlierwdse, I might be restrained, espe- 
cially where the known facts of phytogeography wuuld seem to warrant 
such conclusions. 

As nearly as I can ascertain there are today in South America five areas 
of varying size whose surface rocks give evidence of great antiquity: (1) 

Selmcliert, Charles. Historical Geology of the Antillean-Caribbeaii Region. Pp. 
811. John Wiley & Sons, Inc. Hew York. 1935. 

IS Branner, John Casper. Bull. Geol. Soe. Am. 30: 189--338. Map. 1919. 

19 James, Preston E. Ann. Assoc. Am. Geog. 33: 165-193. 1933. 

20 Tate, G. H. H. Geog. Rev. 28: 452-475. 1938. 

21 Hitchcock, C. B. (Cerro Buida and the Gnayana Highlands), in Gleason, H. A. 
Bull. Torrey Club. 58: 284-287. 1931. 
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Soutliem Chile and parts of Patagonia. (2) Portions of the niountains of 
eastern Brazil. (3) The Choco borderlancC which probably extended from 
Colombia southward into Ecuador and which today has on its eastern rim 
the Cordillera Occidental. This borderland, which once must have extended 
westward into what is now the Pacific Ocean, and which has^on it by far the 
oldest of the three northern Andean chains, may once have had connection 
southward with the Chilean-Patagonian mass. (4) The Santa Marta massif 
in northern Colombia. (5) The ^^Guayana Shield/ Miaving in its center the 
Sierra Parima and the much more publicised Sierra Pacaraima and their 
fioristically dramatic outliers (Roraima, Duida, Aiiyantepui, etc.). To these 
areas, one ought, perhaps, add 'Taria/’ the now nearly defunct “southern 
frame of the Caribbean Mediterranean,'’ a land which, according to 
Schuchert, lay athwart northern South America during the Paleozoic and 
probably the earlier Menozoic. 

It would seem probable that, throughout the later Paleozoic and the 
early and middle Mesozoic, iniicli of South America was emergent and 
colonizable by land plants. With the advent of the Cretaceous, the surface 
of South America underwent a drastic change, for large areas of it were 
inundated by marine transgressions. But, even so, certain upland areas 
remained — islands on which such land plants as were present could have 
been preserved during those times. As nearly as I can ascertain, these areas 
were: certain portions of the present mountain systems of eastern Brazil, 
the Chilean-Patagonian mass, the one remaining rim of the Choco border- 
land, and possibly the center of the Santa Marta massif. It is altogether 
probable that additional smaller island areas may have existed. 

The Guayana Shield as now interpreted, an area stretching from the 
present Andes to the Atlantic and from the Orinoco southward nearly to 
the Amazon, is a special problem. It is the opinion of Schiiehert, Tate, and 
Hitchcock {l.c., and based in part on the work of Biddle on Roraima) that 
the sandstone which makes up the massive table-mountains in the central 
portion of the Guayana Shield was deposited during the Lower Cretaceous. 
It is the opinion of Hitchcock {lx., p. 285) that the peaks of the Parima 
Range are made up of igneous or metamorphic rock — this opinion being 
based on their contours as viewed from the top of Duida. It is therefore 
possible that the center of the Guayana Shield — the Sierra Parima — may 
also have been emergent during the Lower Cretaceous and an additional 
center of refuge for land plants in South America during that time. One 
thing, how’-ever, is certain. If the massive sandstone layer oli much of the 
Guayana Shield was laid down as recently as the Lower Cretaceous (and 
it may be much older), the central portion of the area has been continuously 
emergent at least since that time and colonizable by an upland vegetation. 
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So ffii as our iiiiiiicdiatc problem — tlie g*eiius Guylusscicui — is coii{:e*rried, 
we have already noted that its greatest concentration of species is in eastern 
Brazil. Its principal center of development, therefore, is on and around one 
of these anciently emergent areas. The other South American center is on 
the rim of the equally ancient Choco borderland. After what must have been 
an extremely old primary dispersal, a few forms have migrated into the 
younger (Upper- and post-Cretaceous) Andes of Colombia and Venezuela 
and onto the Amazonian campos, one species only as yet being known from 
the center of the Guayana Shield, although this last area is otherwise rela- 
tively rich in ericaceous material. From its concentration in areas known 
to have been long emergent and its apparent scarcity on those of later age, 
it ivould seem likely that the pattern of genetic variability of Gaylussacia 
wms already well defined and the genus widely dispersed in South America 
in Cretaceous time. 

The migration across AntiUia. If Gaylussacia were confined to South 
America the problem of its dispersal w-ould not be so complex, but the geiiiis 
has nine species in eastern North America. As has been previously pointed 
out — and contrary to traditional taxonomic practices — the North American 
species, instead of being morphologically remote and easily separable from 
those of Sou til America, show a strong affinity with them (in one ease 
apparently being conspeeifie), and in general give every evidence of being 
derived types. The problem, then, is to get certain of the basic forms of the 
genus out of South ximeriea and into North America. 

I shall not here enter into controversy wuth paleobotanists concerning 
the origins of the floras on the continental masses noAv called North America 
and South America, of their relations with the floras of other continental 
masses, or of the whole problem of paleoclimatology in relation to early plant 
migrations. ^Ujand bridges'’ have been invented and later destroyed by con- 
temporary authors ; and the 'whole question of continental displacement in 
relation to early plant dispersals is in need of clarification, especially when 
one revie^vs the more than casual phytogeographic connections of various 
land masses now' wudely separated. Considering only the immediate problems 
of dispersal Avithin the Western Hemisphere, it is becoming evident that 
once there must have been a much broader land-connection between North 
America and South America than noAV exists~a connection Avhieh lay to the 
east of the present narrow^ ''Isthmian Bridge." The sometimes striking 
phytogeographic aflinities bet'ween eastern (Atlantic) North America, across 
the Caribbeanhnd into northeastern and eastern (Atlantic) South America 
are certainly suggestive of this viewpoint. There is, of course, ample evidence 
for a series of migrations between the Pacific sides of the two continents. 

It Avould appear that the great bulk of the intercontinental migration 
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was froiii the south toward the iiorth.^- Exceptions are known, but those 
whieh I have examined have almost invariably involved the more liig'hly 
developed and recently evolved members of their group ; and, f urther, these 
recently arisen members seem, for the most part, to have used the eonnection 
on the Pacific side and not spread into South America from North America 
by an eastward route. Therefore, relying on such phytogeographie and 
geological evidence as I can gather, I must come to two fundamental coneiu- 
sions: (1) that a broad land-connection, portions of it probably with con- 
siderable altitude, existed for at least part of the Cretaceous between the 
Atlantic sides of North America and South iLinerica, in addition to the 
generally assumed connection on the Pacific side; (2) that this connection, 
although broken in the Eocene, was partially reformed at some time during 
the Oligocene. It is not necessary to assume that, in Oligoeene time, the 
land was completely co^itinuous but, at least for a while, a segment of 
northern South America must have been connected with an emergent por- 
tion of Antiilia and this, in turn (perhaps at a later date), witli tlie (then) 
large offshore island which since has become Florida. The nucleus of this 
repeatedl,y expanded and contracted island’’ certainly lias not been under 
water since the Eocene and today holds a rich floi*a derived from tlie south 
(being the center, among others, of the distribution of the North American 
segment of the Gaylussacia MosieH-pseiiclogaid^^ complex). This Florida 
^ ‘island ” was connected with the North American mainland during the 
Miocene. 

Beturning to our consideration of Gaylussacia, it becomes a]iparent that 
the genus arose in South America for there, today, we find it as a series of 
interlocked species-groups still differentiating out of a eummoii plexus, 
only three of which have given representative members to North America. 
Nor is it necessary to assume that the early representatives of these groups 
migrated northward at the same time. Plants very like our modern sub- 
montane forms, G. ■ursina and G. hrachycera, surely must have been in the 
vanguard of this movement. Here, too, I should like to place the prototype 

22 Any student of the Caribbean floras will iramediately recognize that luu-e I am not 
giving adequate consideration to that region. One of the remarkable thing.s in the Carib- 
bean is its west-east set of phytogeographic connections extending from Central Anuu-ica 
across the area in such a manner as to make it appear that we are looking at the isolated 
relies of the floras of an ancient continental mass traversed by a seri(*s of nearly pai-allel 
inoimtain ranges. Complicating this picture is the series of well marked soutli-north lines 
of eonnection. The old block of Antiilia has been ground ])etween the shifting conti- 
nental masses of North America and South America; it has ])etn segmented, and the 
blocks sometimes laterally displaced for many miles; it has been warped and buckled, 
great folds having been thrown across it in several directions; and it is the directions of 
the displacements and the trend of these folds and upthi’usts — when they were above the 
waters of those ancient seas — which, to a large extent determined the present complicated 
floristic pattern of the Caribbean. I am in this place dealing only with a group winch 
apparently crossed from So^th America into North America. 
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of tlie wide-ranging G. haccata with its upland and lowland foiMiis, G. tomen- 
tosa and {?. nana, being somewhat more closely related in liabit to species 
now present in South America, may have arrived later but, even so, they 
seem to be strongly tinctured with the characters of G. ursina and may 
represent segregate and now nearly homogeneous races following the com- 
plete obliteration of a lowland phase of G. utswci by several essentially 
different South American forms. G. frond osa gives all evidence of having 
arisen in North America out of species already present. 

There remains for our consideration only G. Mosieri and its close rela- 
tives. Whether G. orocola of the Blue Eidge represents an early introduction 
into North America and is the form from which G. duMosa has been derived, 
with G. Mosieri being a more recent introduction, or whether they all have 
been derived from the same immediate source, is in the realm of pure specu- 
lation and must await further cytological analysis. They are so closely 
related that I find it difficult to think otherwise than that they have arisen 
in North America from a common ancestor, in appearance much like the 
present G. Mosieri. Yet, an examination of these and closely related South 
American forms leads me to the conclusion that G. orocola and G. dumosa 
are more nearly related than G. orocola and G. Mosieri; that the G. orocola- 
dumosa unit came to North America prior to the advent of G. Blosieri, but 
that both of these (the G. orocola -dumosa unit and the G. Mosieri-pseiido- 
gauliheria unit) have been derived from the same South American prototype. 

Without correlative data we should be forced to disavow normal peri- 
staltic activity in the avian alimentary tract and call upon our feathered 
friends for help in some peculiar manner to explain the dispersal of this 
group of plants over more than short distances. There is, however, another 
line of evidence which we shall briefly pursue : we shall consider not one 
species or even a single genus, but a phyletic-ecological consociation. A 
species of Gaylnssacia (G, amazonica Huber), closely related to the 
G. pseudocgaultlu unit and its nearest relatives, is found on the 

campos of the Amazon Basin, a region of comparatively recent origin and 
liistorically related to the outer Coastal Plain of North America where 
various of our own species of this genus are so welt developed (at least the 
regions are both of Late Tertiary and Quaternary age). 

23 1 see nothing xhiyletically improbable in such a viewpoint. It has been accom- 
plished repeatedly in Vacoinkm, w^here I have had opportunity to analyze the situation 
in greater detail against a background of experimental data. In this genus certain 
species with excellent and natural’^ ranges are obviously the result of the blending of 
heredities of portions of t-wo or more well-marked basic species. In certain instances 
these '^species'’ (e.g. V. corymbosum) have been reproduced by controlled breeding. 
Furthermore, their characters, consisting of a series of multiple allelemorphs, do not 
segregate as w-ould be expected of simple unit factors, but enter into eonibinations form- 
ing blended populations in areas of isolation which react much as those of essentially 
homozygous species. Such, therefore, may easily have been the history of both G. nana 
and G. tome?itosa. 
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If we consider even a brief list of tlie more common plants on tliese 
campos we will see the close phytogeographic connectioii between the two 
areas."^ To be sure, a group of purely tropical things is present there. But 
if a student of the flora of the Coastal Plain of eastern and soiitheasterii 
North America — and one who knows only this flora — were to Yenture onto 
those sunny and acid-soil Amazonian savannas he would find man\' speckles 
very similar to those with which he is familiar: examples of SchizdCif, of 
Xyridaeeae and Eriocaulaeeae, Bimnanma^ Melastomaeeae, Gentianaceae, 
various common Gramineae and Cyperaeeae, Cuplieay Ilex, Brysomma and 
Leucotlioe , to mention only some of those which are more comiiion and. which 
are not widespread ^ Sveed-speeies. ” Many others could be ineluded. 

Perhaps the greatest stumbling block to a eomplete uiiderstaiiding of 
the direct south-north migration of Gayliissacia is the fact that it is not 
today known from the interior of the Caribbean area — tlie region of old 
Antillia. But its apparent absence is no proof that the genus did not migrate 
from South America into North America by that route and by gradual 
steps, without the aid of any spectacular non-stop avian transportations. 
The exact sequence of geological events throughout the Caribbean is still 
much in question and one needs only refer to the work of Hess on tlie basic 
island arc structure in the West Indies**^'^ to sense tlie variant 0|)inions and 
the need for a reinterpretation of the geohistory of this region. This is 
particularly true of those areas Avhich, periodically or locally for long 
periods, have been out of water and colonizable by plants, rather than tliose 
which have been so often inundated. It is obvious that whole segments of 
Antillia have been lost, some of these apparently rather late in tlie Tertiary; 
segments which, if they were above water today, might serve to clarify what, 
to us, seems to be a rather comxfiieated and insoluble sequence of plant migra- 
tions, often not at all correlated with the present series of ‘'Gsland stepping 
stones'' which swing the are of the Caribbean (see again footnote 22). 

I have little hope that Gayliissacia will yet be found even in the poorly 
explored and geologically ancient mountainous parts of Oriente in Cuba or 
on the pre-Tertiary Cordillere Centrale of Hispaniola, but the possibility 
should not be excluded. Such a discovery would certainly be welcome news 
to an erieologist. However, it is more likely that such members of Gayhissacia 
as might have been on Antillia duifing the Tertiary were, like most of their 
congeners, poorly adapted to compete under tropical forest conditions and 
must have existed only in sunny, acid savannas, or at most associated with 
open forest stands, even as today. 

24Ducke, Adolph. A Amazonia Brasileira. Aiiais Prim. Reun. Sul-Amer. Bot. 1: 
275-287. 1938. For a discussion of these Amazonian oampos mid the related and wide- 
spread noil-forested areas to the southeast, the center of 6^a;?/7M.s.s:ac?ki-coneenti'atioii in 
Brazd, see: de Sampio, A. J. Phytogeographia do Brasil. BoL Miis. Kaeional (Rio de 
Janeiro) 6: 271-299. 1930; especially the map opp. p. 296. 

25 Hess, H. IT. Proe. Am. Phil. Boe. 79 : 71-96. 1938. 
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If I am interpreting' the available evidence correctly it would appear 
that the Oligoeene was the last chance for the of 

South America to place members within easy striking distance of North 
America by natural means of dispersal and, if we must call in the birds, 
without forcing them to % unreasonable distances over water. This is 
brought out particularly well by one of SchucherNs maps {Lc., Plate 11). 
I 'svould, for the present, want to make only one important change in this 
chart. It is my opinion that, during the Lower Oligoeene at least, the eastern 
part of Antiilia was connected with parts of northern South America by a 
broad band of open, mixed lowland-savanna country ; a type of terrain 
which must have extended northward in broad ares to the margin of present- 
day Florida, being then separated from the Florida 'dslaiid” by only a 
narrow strait, probably less than 100 miles wide, and easily crossed by birds. 
Or it is possible that these areas may even have had actual surface com- 
munication for a time and that more recent geological events have obscured 
the record. 

The Miocene Avitnessed the extreme deformation and almost complete 
submergence of the bulk of Antiilia, leaving emergent only a few small and 
widely separated islands. There Avas a brief recovery during the LoAver 
Pliocene, but the Pleistocene again brought on a rather general iiiundation ; 
this being followed by a recent partial uplift. 

Had such members of Gayhissacia as Avere on central and eastern Aiitillia 
in the Oligoeene been so placed that they could migrate into these small 
residual island centers of refuge during the Miocene and Pleistocene sub- 
niergences, it is unlikel^^ that the.y could have competed Avith the forest 
vegetation already there. Of it they could have, the recovery (as in Cuba) 
of available and ecologically suitable habitats at the end of the Pleistocene 
would have been most difficult, for large areas A¥ere now highly charged 
with marine calcareous salts, ahvays fatal to a group — such as Gayliissacia— 
which requires acid-soil conditions. 

Briefly then, beginning in the Late Tertiary, the history of Antiilia Avas 
such that it practically excluded any possibility of Gaylussacia having 
remained there ; Avhereas conditions during part of the Cretaceous and again 
during the Oligoeene avouIcI seem to have been ideal for trans-Aiitilliaii 
plant migrations. 

We can, I think, exclude any possibility of the genus having come into 
North America by Avay of Central America and Mexico, in part the western 
segment of Antiilia. There are today in those regions too many groups of 
the Bricales having a strong relationship (even conspeeific) AAuth those of 
eastern North America and which (in the latter) have the same ecological 
requirements as Gaylussacia. Had the genus come by that route in sufficient 
numbers so as to haAm given the morphologically different and ecologically 



550 


BULLETIN OP THE TORREY CLUB 


[VOL. 6S 


distinet forms which now exist in North America, some would surely have 
been preserved along* with their eriealean relati^'es, But none are known. 

C onclusions on the migrations into North Amierwa. It is on the foregoing* 
set of collateral evidences that I base my first eoncliision that there probably 
were two major C3"eles of immigration of the genus Gaylussacia into North 
America. Although having todaj^ an obvious ph^detic connection with forms 
now existing in South America, the upland and apparently earliest of these 
immigrants seem to have had sufficient time to evolve into species quite 
distinet from their nearest relatives. The more recent introductions into 
North America appear to have been mainh^ lowland forms and show no 
such marked differences being, in part, apparentlv conspecifie with South 
American material. It is also concluded that the propagules of the ancestral 
forms giving rise to the present species were not carried direetl.v from South 
America into North America, but that the dispersal was of a type normal to 
the group — one b}' gradual migration on land then existent, or at most 
for onl,y short distances across water. Lastl^v it is concluded that the migra- 
tion was across the eastern portion of Antiilia and not b^^ the present 
^ ‘ Isthmian Bridge. ’ ’ 

SUMMARY 

An examination of the Ga^dussaeieae, a tribe of the yaeciniaceae, reveals 
that, as a group, it has undergone its major evolution in Soutli America. 
There, definite lines of ph^detic divergence are evident, but it is obvious 
that the}" have been derived out of a common plexus, forms being present 
today which bridge the gap between the more primitive members of these 
groups. As a consequence, it would seem prudent not to attempt an,v generic 
segregation within the South American representatives; that the}" all be 
considered as part of the genus Gaylussacia. 

It has been traditional for the past century to consider the North Amer- 
ican Gaylussacieae as being in some way easily separable from the South 
American forms, for they have been treated by various authors as separate 
sections of a genus, as subgenera, or even different genera. Considered 
alone, the North American material consists of three well-marked groups, 
but when critically examined each of these gives clear indication that it has 
been rather directly derived from South American material, having eounter- 
parts in the common plexus of the genus. In one instance there is even an 
apparent specific link between the two continents. If the South American 
material is to be maintained as a single genus, it is therefore obvious that 
the North American forms must be included. It is certainly clear that any 
separation into subgeneric categories on a geographic basis violates the 
fundamental phylogeny of the group. 

It is evident that th^e genus Gaylussacia has undergone its major develop- 
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nient on the ancient uplands of southeastern Brazil; that some of its lines 
of descent are also represented in northern and northwestern South Amer- 
ica ; and that derived but closely related forms are present in North America. 
From this evidence we must conclude that the genus migrated into North 
America from South America. 

It seems apparent that there wmre two major introduetions of the genus 
Gaylussacia into North America; one, primarily of upland forms, during 
the Cretaceous and another, of lowland forms, during probably the 
Oligocene. 

Since there is no evidence that the genus entered North America by 
wmy of the present ^‘Isthmian Bridge/’ or even in the same region by a 
much earlier connection, it is concluded that the northward migration of 
Gaylussacia must have taken place across the eastern segment of Antillia. 
This opinion is further substantiated, not only b^^ certain present close 
relationships w^ithin the genus but also by residual, but strong, phyto- 
geographic connections in other groups between parts of eastern South 
America and eastern North America. The absence of the genus today from 
the interior of the Caribbean area is no proof that the group did not move 
northward by that route, for the Late Tertiary and Eecent history of tlie 
area involved a series of events resulting in the formation of habitats eco- 
logically unsuited to its survival there. 

Gaylussacia, an obviously ancient genus is, therefore, another of those 
genetic complexes giving clear indication of the derived nature of the North 
American floras. It is another link in the ever strengthening chain of evi- 
dence that many angiospermous groups underwent their primary evolution 
in the Southern Hemisphere and subsequently migrated into the Northern 
Hemisphere. 

The New York Botanical Garden 
New^York 



SUPPLEMENTARY NOTES ON AMERICAN LABIATAE— II^ 

Gael Bpling 

TEUCRIUM 

T. BicoLOE Sill. Chile — coquimbo: Depto. Ovalle, Ciiesta de Caviloliii, 
Worth and Morrison 16453. Depto. Illapel, Quebrada Liiiiciimaii, Worth 
and Morrison 16502. Santiago: Depto. Melipilla, La Viseaehas, associated 
with Schizanthus, Phacelia and Alstroenieria spathulata. The flower color 
of this species, as with the following, may vary from pure white or cream- 
color to maroon, at least on the lower lip. Both extremes grow together. 

T. NUDicAULB Hook. CiiiLE — ^ATACAMA: Depto. Hiiasco, near Huasco, 
Worth and Morrison 16428. ''Flower eream-eolored • lip white-pubescent, 
velvety maroon inside. Two collections of apparently this same genus at 
Taltal (viz. Worth aiuVMorrison 15832; Beetle 26177) but none with this 
color lip. Some here lacked iV (collectors' note). Depto. Elqiii, 20 km. al 
sur de Vicuna, Wagenknecht 4237. 

T. LAEVIGATIJM Valll. ARGENTINA — BUENOS AIRES: 77 kill. SOUtlieast of 
La Plata near mouth of Bio de la Plata, Eyerdam and Beetle 23275. 

STACHYS 

S. Lindenii Benth. Guatemala — san marcos: Volcan Tacana, 2500- 
3000 m., Steyermark 36264. suchitepequez : Volcan Ziinil, 500-800 m., 
8 1 e y e rni ark 35 439 . 

S. eriantha Benth. Mexico — ^vera cruz: Los Peseados, 10,500 ft., Balls 
4607; Apitza, Ixtaecihuatl, 12,600 ft., Balls 5137. 

S. (?) GLOBOSA Epling. Mexico — ^vera oruz: Loina Grande, ilt. Orizaba, 
9,200 ft., Balls 4353. Assuredly a member of the species group to wliieli 8. 
glohosa is assigned, characterized by the relatively short u])per lip and 
scarcely exserted stamens. HoAvever, although the pubescence is very like 
that of 8. glohosa, the floAvers are larger and the calyx teetli less pro- 
nouncedly spinose. 

S. truncata Kuiize. Chile — ^antofagasta : Depto. Taltal 6 km. east of 
Taltal, Worth and Morrison 16117. Assuredly tliis species, previously kiiOAvn 
no further north than Coquimbo, and Avith a slight but uiiinistakabie 
annulus in the corolla tube. 

S. BORAGINOIDBS C. & S. MEXICO— MicHOACAN : Mt. Tancitaro, near 
Uruapan, 2075 m.., Hinton 15501. Apparent^ referable to this species, pre- 
viously known only from Vera Cruz and Hidalgo. 

S. APERTA Epling. This species is known only from a single specimen col- 
lected by Mad)nde near Muna {no. 3963). The present specimen, collected 
bA^ Worth and Morins 071 (no. 15661) in Peru, Depto. arequipa, Pi'oal 
C amana near Atiquipa, corresponds fairly well, save in the degree of exser- 
tion of the stamens. In the type, they are exserted 3 mm. ; in this specimen, 
about 1.5 mm. To this specimen may also be added one eollected by KilUp 

1 See Bull. Torrey 67; 509-534. 1940. 
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and Smith (no. 22253) in Depto. ayacucho at Pampalea, between lliiaiita 
and Eio Apurimac and one collected in Arequipa near Cli ala b\- Wrha-- 
hauer (no. 7191). Whether these are eonspeeifie remains to be ileteniiiued 
by more collections. Sutfice it to say that they are the only known Pernvian 
Stachys of this habit, with corolla tubes 6-8 mm. long, which have a well- 
defined annulus. They are apparently the Peruvian represeiitati\-es of a 
complex group which ranges from Chile (8. Macraei) to California (8. 
hiiUaia). 

SCUTELLARIA 

S. (?) Hookeri Epling*. Colombia — Comisaria del caqueta, Cord. Ori- 
ental,, Qiiebrada del Eio Haclia, Cajon de Pulido, 1700 in., CuMrecasas 
8747 (Herb. Nae. Colomb.). This species was described from cultivated 
plants, grown from Peruvian seeds. Poeppig 1535, collected near Parri- 
panacio, Peru, is seemingly identical with the type. The present specimen is 
identical in pubescence with Poeppig 's plant, pubescence uiiique in tlie 
South. American species of BcAiteUaria, and is vtY}' similar in habit. The 
leaves of Poeppig ’s plant are pale and seemingly whitish beiieatli, whereas 
those of the present specimen are purple beneath. 

S. Bentuamiana (Mansf.) Epling. Peru— apurimac : Prov. Ahaiuaiy, 
slopes of Orckone Grande, Trancapata, near Curasuasi, 3100 m., Vmqas 
9622, Said by the corieetor to have been collected by him also in Paruco, 
Cuzco. 

hedeoma 


H. PLORiBUNDUM Staiidley. Mexico — sonora : Sierra des Pappas, Genirif 
631, 


MINTHOSTACHYS 


M. MOLLIS Griseb. Peru — ^la libertad: Prov. Santiago de Chueo, north 
of Caehicadan, Storh and Horton 9957, 


SATUREJA 

S. TAXiPOLiA (Kunth) Briq. Ecuador: Cuenca, Quebrada de Chuslilvin 
8,500 .ft., Balls 7079, 

S. agutifolia (Benth.) Briq. Peru — cajamarca: Prov. Cutervo, Suese 
E. Valley west of Socota, 2800 in., Stork and Horton 10097. Known pre- 
viously only from the original collections of Mathews at Chachapoyas. Those 
specimens are notably si.lky wdth appressed hairs on the upper leaf surface 
and tW'igs. The present specimens are hardly silky in pubescence, but have 
the same habit and essentially the same flowers. The calyx teeth, however, 
are as much as 4 mm. long. 

S. Panicera Epling, sp. nov. (Gardoquia). Frutex altitudine ad 1,5 m. 
ramulis pilis brevibus subappressis hirtellis; foliorum laininis erassiusculis 
obtusis modo rhomboideis et in basi cuneatis modo deltoideo-ovatis et in basi 
truiicato-subqordatis, 1-2.5 cm. diametro, marginibiis serrato-crenatis, revo- 
lutis, pagina superiore rugosa glabra viride, inferiore dense albo-tonientosa ; 
petiolis 2-5 mm. longis; floribus circiter 6 in eymulis breviter pediinculatis 
axillaribus, bracteolis linearibus 3-4 mm. longis subtentis ,* calycibus costatis 
extus pilis brevibus crispule hirtellis, tubo circiter 6 mm. longo et dentibus 
deltoideo-laneeolatis aciitis, inferioribus 3.5-4 mm. longis, superioribus 
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similibus in basi connatis; corollaTum aiiriaiitiacarum tiibo 20-25 mm. 
longx), labia superiore 4-5 mm. alta. 

Peru — la libertad: Prov. Santiago de Clineo^ Caehimidan, 2800 in., 
Stork and Horton 9956 (type, Univ. Calif., L. A.). 

In habit this proposed species is scarcely different from S. rugosa (R. & 
P.) Briq. and very similar to S. tomentosa (Kunth) Briq. The first named 
is known only from the type, the locality of collection of which is not known, 
save that it is ascribed to Peru. The second named is an Eciiadoraii species, 
frequently collected. It is known from Peru from a single eollection made 
near Huaiita by McBride and Featherstone (no. 2084) ; it is not certain, 
however, that this specimen is conspecifie with the plants of Ecuador. The 
flowers are similar. The present specimen differs from both R. rugosa and 
S. tomentosa primarily in the flowers. The calyces of 8. rugosa are about 7 
mm. long, with a fine spreading pubescence, the teeth being about 2.5 mm. 
long. The corollas are notably shorter, the tube being only about 1 cm. 
long. While it is true that the corollas of 8. tomentosa are about tlie same as 
those of the present plaift, the calyx teeth appear to be uniloimly shorter, 
rarely over 2.5 mm. long. Much more material is neede<l satistac'torily to 
dispose of this complex. 

According to the collector's note the species is gathered in the locality 
cited and sent to Trujillo for sale in the market as a medicinal herb. It is 
known as ‘ ^ Panicera. ' ' 

ASTEROHYPTIS 

A. Seemannii (Grav) Epliiig. Mexico — durango: Tainazula, Gentry 
5224. ' ^ 

HYPTIS 

H. (1) siDAEFOLiA (L'Hcrit.) Briq. Inadequate collections of what are 
probably this species have been collected in Peru — ancash : Prov. Santa, 
Lomas de la Chay, 40 km. north of Barranca, Stork, Horton and Vargas 
9203. AREQUiPA: Prov. Camana, 10 km. east of Cliala, Wo)iJi and Morrison 
15618. 

H. iNVOLUCRATA Beiith. Mexico: Temascaltepee, Penon, 1700 m., Hinton 
2146 ; Temascaltepee, Tejiipileo, Hinton 1597. Previously known only from 
Bentham's type, collected at Saltepec by Karwinski. Both specimens, like 
the type, have the leaves and capitula in threes. Tlie involuere is very 
conspicuous. 

H. HiRSUTA Kunth. A specimen wliicli is apparently referable to H. hir- 
siita Kunth, has been collected in Los Llanos, Rio Meta, near Matabubosa 
by Cuatrecasas (no. 4242). If this species, it is the first time it has been 
found ill Colombia, although known from Yenezuela. However, the colu- 
mella of the gynobase, which in H. Mr sut a equals the ovules in length, is 
seemingly wanting in this specimen. The nutlets are alveolate, however, a 
eharacteristic of the section Xylodontes to which H. Mrsuta is assigned. 

H. villicaulis Bpling, sj!. nov. (Polydesmia : Vudgares) . He'rbae perennes 
utrimqiie pilis longioribus molliter pilosae; foliorum laminis sat amplis, 
8-11 cm. longis, late rhomboideo-ovatis, 6-9 cm. latis, in apice leniter 
acuminatis, in basi plus minusve cuneatis, marginibus dupliciter serratis, 
pagiiiis ambabus molliter pilosis; petiolis plus minusve marginatis, 1-3 cm. 
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loiigis; A^erticiliastris in spicis eomjiaetis, pediineulis c-iii-iter 2 iinn. lonni's 
elatis; braeteis paiicis, yix membranaceis, eireiter 5 irnn. lon<i'is atainiiiuiliN 
miieroiiatis, ciliatis et paulo idllosis, calyeibus fioreiitibiis :> lani. 

longis, deiitibns tiibiim subaeqiiantibiis, setaeeis, vix taiiien j-iyidis, 
loiigis, tiibis inatiiris 5 mm. lono'is, tenuibiis,, dentibus fore 2 aim. ioimis; 
corollariim tubis 5 mm. longis ; nnenlis oblongis in apiee rotundatis. 

Brazil— MATTO grosso: Maribondo, Eio S. Loureneo, IV. 1911, HoeJuie 
2866 (type, IJiiiv. Calif., L. A.). 

H. brachypoda Epling, sp. nov. (Cephalohyptis : • Herbae 

versimiliter perennes eaiilibns ntrimqne pilis ascendenti-appressis mol- 
liter liirsutis, internodiis siiperioribns qiiam folia fere dnplo loiigioribiis; 
folionim laminis siibeoriaceis, ovatis, 6-7 em. longis, eireiter 3 enn latis, in 
basi rotundato-angiistatis, supra medium aciiminatis, inarglnibiis sat eon- 
vexis, regiilariter serratis, pagina superiore sparse appresso-birsnta, tameii 
snbliicida, inferiore pallidiore praesertim ad Arenas appresso-liirsuta plus 
minnsYe sericea; petiolis latioribns snbnidlis 5^8 mm. longis; eapitiilis 
inatiiris globosis eireiter 1.5 cm. diametro, in folioruiii superioiaim vix. demi- 
niitoriini axillis pediincuHs liirsutis 3-3.5 em. longis elatis ; braeteis lanceo- 
latis 7-9 mm. longis, mox reflexis, liirtellis; calvcibiis fiorentibns 4 mm. 
longis, dentibns deltoideo-snbiilatis fere 2.5 mm. longis, fere glabris, tiibo in 
matnritate 4 mm. longo, glabro; eorollarnm tubo 3.5 mm. loiigo; niieiilis 
obscure asperulis iit videtiir laevibus. 

Colombia — antioquia: Coeorua, VIII. 1938, Bro. Daniel 1530 (IJSNH, 
type). In habit this plant suggests H, hrachiata {Xylodontes) , also Colom- 
bian. HoAveA^er, the structure of the gynobase and the obscurely roughened 
rather than, alveolate nutlets, relate it to Geplialoliyptis. 

H. pseudolantana Epling, sp, nov. (Rhytidea). Frutex A’el suffriitex 
altitudine eireiter 1 m., superne sat sarmentosus, nullomodo virgatus, raiiiulis 
pills erassiusciilis in basi plus minusA^e pustiilatis aseendentibiis seabro- 
piibescentibiis et superne glanduloso-puberuliis ; internodiis folionim laminas 
siibaequantibus ; foliorum laminis ovatis, vix membranaceis, 1. 5-2.5 cm. 
longis, in apiee sat aeutis, in basi rotundatis, paginis ambabiis scabro-liirsutis, 
marginibiis leniter et irregulariter serratis ; petiolis 1-2 mm. longis ; eymulis 
axillaribiis pediineulis 3-5 mm. longis elatis; ealyeibus fiorentibiis 4.5-5 
mm. longis, extiis dense glanduloso-puberulis et sparse eiliatis, iiitus supra 
medium piloso-annulatis tubis dentes subaequantibus sat tenuibus, dentibus 
deltoideo-laneeolatis, aeutis ; calyeibus maturis etiam nuculis non Aosis; 
eorallarum tubis 5. 5-6. 5 mm. longis. 

The habit, not unusual for Hyptis, strongly suggests some species of 
Lantana, such for example, as L. montevidensis. The structure of the calyx, 
Avith its median annulus, suggests its association AAOtli H. rhytidea. 

Mexico — guerrero: Aguazarca Filo, distr. Mina, Hinton 11266 (type, 
Univ. Calif., L. A.). 

H. pseudosinuata Epling, sp. noAC (Cephalohyptis:^ MarrM^ 

Herbae verismiiliter perennes caulibus superne tenuiter Aullosis, internodiis 
quam folia longioribus; foliorum laminis ovatis, 4,5-5 em. longis, 2.5-3 em. 
latis (et grandioribus in partibus inf erioribus ? ) , obtusiuseulis, in basi rotun- 
datis et ad petioles 5-15 mm. longos plus minusve euneatis, marginibiis 
regiilariter serratis, paginis ambabus fere glabris, tenuiter Aullosis ; eapitiilis 
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inatiiris subgiobosis, 18-22 mm. diametro, viridibus, in folioriiin siipremoriun 
gradatim deminutorum axillis pedunciilis 10-12 mm. longis dispositis ; 
braeteis villosis, angxiste ovatis, 5-6 mm. longis, in inatiiritate oeciiltis; ealy- 
cibiis florentibns fere glabris, cireiter 3.5 mm. longis, dentibiis eireiter 1. 
mm. longis, angnste deltoideis, acutis, subaequalibns, tubo in maturitate 3. 
mm. longo ; corollarum tnbo 3.5 mm. longo. 

Colombia — huila : Cordillera Oriental, bosqiies mas arriba de Guada- 
lupe en Resina, 1850-1900 m., 20.III.1940, Arbolaez and Cuatrecasas 8363 
(USNH, type). 

salvia- 

Key to Sections (p. 7, line 36). Read for “ Invagina tas” ''Hoelineana 
et.” 

5. S. setosa Pern. Mexico — durango: Tamazula, Gentry 5243. Appar- 
ently this, but the corolla tubes 4 mm. long and the lips proportionately 
• longer, but still hardly equal to those of S. monantJia. 

41. S. LAVANDULOiDE^ Kuntli. Mexico — DURANGO : Sierra Tres Picos, 
Gentry 5332. sonora : La Mesa Colorado, Gentry 546. sinaloa : Cerro de la 
Saiidia near Panuco, Fennell 20106. Previouslv kiioAvii no furtlier north 
than Jalisco. These specimens seem fairly typical and are comparabie to 
G-uatemalan specimens, as for example, Standley 58580. The Sonoran speci- 
men is more glabrate, but scarcely to be distinguished from Hintofi 134, 
from Temascaltepec. Guatemala — zacapa: Sierra de las Minas, 1000-1500 
m., Steyerniark 29701. san marcos: Sibinal, 2500 m., Steyermark 36070. 
jalapa: Cerro Alcoba, near Jalapa, 1300-1700 in., Steyermark 32604: 
between Quisiltepeque and Potrero Carrillo, 1800 m., Steyermark 33020; 
same place, Steyermark 33021 (an albino). 

47. S. alamosana Rose. Mexico — sinaloa : Cerro Colorado, Gentry 5210. 
SONORA: Saucito canyon, distr. Alamos, Gentry 688. The second specimen, 
from the type locality, has sparse spreading giandiilar hairs in the inflores- 
cence instead of the usual downwardly curled ones. 

50. S. iNCONSPicuA Bentli. Mexico — michoacan: Sierra Tomdcillas, Coal- 
coman, 2420 m., Hinton 12402; 12361. guerrero: Toro Muerto, Mina, 2350 
m., Hinton 14763; Teotepee, distr. Mina, 2500 m., Hintmi 14806. 

52. S. CHALAEOTHYRSA Peril. Mexico— michoacan : Coalcannan, 1200 m., 
Hinton 12329; Coalcoman, Salitre, 1200 ni., Hinton 12171. Known pre- 
viously only from the type, collected in Jalisco. 

54. S. Pavonii Benth. Peru — ^jitnin: Prov. Tarma, between Palea and 
Carpapata, 2900 m., Stork 10956. Previously known only from the type, coh 
lected in Peru without data by (?) Dombey. The leaves of this spetdmeii are 
somewhat more lax than the type, now at the IJniversity of Oxford, other- 
wise it is very similar. The sessile glands which cover the leaves and braiiclies 
are evidently quite conspicuous and are said by Stork to be cinnabar red. 
The corollas are lemon yellow. What appears to be the same species was 
collected, supposedly by (nq. 8i), and af tributed to "Colombia by 

Hooker. 


2 Tlie serial numbers and cited paginations refer to a previous paper, ‘ Hlevision of 
Salvia : Calospliace ’ ^ in Rep. Spec. Nov., Beih. 110. 1939. 
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57. S. COKEUGATA Valil. Peru — huancavelica : Prov. Tayacaja, Que- 
brada south of Saleabamba, 3300 m., Stork and Horton 102.97. The flowerinij 
calyces are 9 nun. long and the corolla tubes are 18 mm. long, the upper lip 

being 10 mm. long. 

58a. S. pseudorosmarinus Epling, sp. iiov. {Corrugatae) . Siiffnitex al- 
titndine ad 60 cm. ramis virgatis viscidis pilis miniitis extensis glandiilosis 
et majoribns crispis egiandnlosis vestitis superne villosis, iitrimque ad basini 
ramiilis brevibiis foliis fastigiatis ornatis submonilif ormibns ; foliorum 
laminis bnlinlatis habitus Rosmarmi linearibns 1-2.5 cm. longis, valde revo- 
liitis, in apiee obtnsis, in basi modo truncatis modo hastatis, pagiiia superiore 
minute glandulosa inferiore obumbrata villosa; petiolis 1-3 mm. loiigis; 
floribus lit videtiir solitariis in foliorum siipremoriim panic deminutorurn 
axillis positis; calyeibns florentibus 9-10 mm. loiigis, extus viscido-villosis, 
trimiicronatis ; corollariim atro-cyaneariim tube 15 mm. longo, labia siipe- 
riore 5 mm. alta, inferiore fere diiplo longiore. 

Peru — ^la libertad : Prov. Santiago de Cliiico, Cacliicadan. Open 
slirubbv hillside, clay soil, 2900 m., 25.XI.1938, "Stork and Horton 9968 
(type, Univ. Calif., L. A.^. 

This species bears all the earmarks of the section Corrugatae save for 
the fact that the flowers are borne in the axils of the upper but little modi- 
fied leaves. It would accordingly be sought under Tomentellae in the Key to 
the Sections (p. 9). The Key should therefore be emended to read (p, 9, 
line 28) as follows: 

‘ ‘ HH. Frutices sarmentosi vel suffrutices pilis frequenter ramosis ; styli 
ramus anticus sat attentuatus vix complanato-deltoideiis. I. Corollariim 
tubi ad basini valde invaginati; folia habitus Bosmarini 11. Gorrugaiae. 
II. Corollariim tubi sat ventricosi, vix tamen invaginati nisi rugis binis 
oblique intiis obscure ornati 3. Tomentellae. DD. Staniinum giibernaciila 
vel integra, etc., etc.’^ 

The foliage and the dwarf lateral branches are highly distinctive and 
closely simulate those of Rosemary. 

99a. S. RHOMBiPOLiA R. & P. Peru — ancash: Prov. Santa, Lomas de 
Mongol! near San Rafael, between Casma and Huarmei, Stork, Horton and 
Vargas 9177; same, Lomas de La Chay, 40 km. north of Barranca, Stork, 
Horton amd V argas 9213. 

110. S, SAGITTATA R. & P. Peru — ^LA LIBERTAD: Prov. Santiago de Chuco, 
above Cacliicadan, 2800 ni., Stork and Horton 9958. 

111. S. RHODOSTEPKANA Epliiig. Peru — AYA cucHO : Ocros, Pajoiial to 
Ayacucho, 9000 ft., Balls 6925. A more accurate description of the corolla is 
now possible. The tubes vary from 22-25 mm., the upper lip from 7-9 mm., 
the lower lip being about twice as long. The stamen connective is 30-40 
mm. long. The color may vary from pink to '‘blue or pale mauve.” 

118. S. MENDAx Epling. Guatemala — jalapa: Between Quisiltepeqiie 
and Potrero Carillo, 1800 m., Steyermark 33073. zacapa: Sierra de las 
Miivds, 1000-1500 m., Steyermark 29739. 

21A. Oentryana 

Herbae perennis sat erassae pilis ramosis mollitCT pubesceiites foliis sat 
niagnis ovatis petiolatis ; floribus pedicellatis, tribus in verticillastris braeteis 
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parvis cadiicos siibteiitis in spicas axilJares ^'el sprenias paiiieiilatas coii- 
f ertis calycuni parvorum truncatorum labia superiore 5-venis; eorollariini 
roseo-piirpiireariim tiibo recto iiitns imdo cpiaiii calyces diiplo longiore, 
labia superiore erecta vix g-aleata, inferiore latiore vix tamen qnam superior 
loiigiore; stainiiiibiis ad fauces positis ultra labiam superioreni exsertis, 
guberiiacula integro vel ad eonuexuni deiite extenso oriiato ; styli glabri 
raino postiee subnullo. 

122b. S. trichostephana Bpling, sp. nov. (Genfryana) . Herba perennis 
crassa altitudine ad 2 m., ramis pilis ramosis sat dense vestitis iiiternodiis 
speciininis suppetentis cpiam folia brevioribus; folioriuii laniiiiis ()\'atis, 
8-11 cm. longis, 4-7 cm. latis, creiiato-serratis, pagiiia superiore j)i]is ramosis 
parvis sparse eonspersa, inferiore cinerea; petiolis 2-2.5 rm. longis; s])icis 
gracilibus sat confertis 5-6 cm. longis, inferioribus axillaribus, supeio'oribus 
paniculatis ; floribus tribus in verticillastris bracteis cadueis paiuds subteii- 
tis, pedicellis 3 mm. longis elatis; calycibus floreiitibiis 2.5 mm. loiigis, sub- 
truneatis, pilis simplicibus subappressis liirtellis in maturitate non visis; 
corollarum roseo-purpurearum tubo 5 mm. longo, recto, labia superiore 2.5 
mm. alta, inferiore aequilonga rotunda ; staniiuibus ultra laliiam siiperi- 
orem 3 mm. exsertis ; gynobasis cornu quam iiuculae triple longiore. 

Mexico — sinaloa: Puerto a Tamiapa, 6-8.111.1940, Goifry 584:6 ( type, 
Univ. Calif.,, L. A.). 

This remarkable plant does not resemble any other eoiitinental section 
in floral structure, but suggests most nearly the section Wright iana of Cuba 
and Haiti. That section differs however in the fact tliat tlie upper lip of 
the calyx is 3-veiiied, tlie lower lip of the corolla is longer tlian the upper, 
the corolla is blue and the pubescence simple. 

In the Key to the KSections (p. 6, line 34) this section would be sought 
near Hastaiae, Micranthae and Rhomhifoliae. Tliat portion of tlie Key 
should therefore be emended to read as follows: 

''CC. Calycum labia superior 5-7 venis et ultra. D. Corollarum tubi 
3.5-6 mm. longi ; styli glabri ramus posticus saepiiis bi*evior etiam subnulli. 
E. Folia palaefornia; flores oppositi caerulei; herbae piaxuimlientes coloni- 
bianae (vide etiam Blakea) 18. Hasiatae. EE. Folia ovata vel delloidixu 
ovata; fiores 2-6 in verticillastris et ultra. F. Herbae perennes sinaloenses 
crassae ramis pills ramosis vestitis; eorollae roseo-purjiureae 21a. Gen- 
tryaniL FF. Herbae parvae saepius annuae pilis simplitubus \'esitae; ('orol- 
lae caeruleae. G. Stamina e labia superiore vix exserta ; {ilantae bonaiii- 
amerieanae nisi insularum Galapagos 14. Micranih((c, GG. Stamina sat 
exserta; plantae andinae 16. Bhomhifoliae, DD. Corollarum tubi 10-43 
mm. longi, etc., etc.^’ 

134. S. hirtella Vahl. Ecuador — tunguragua: .Moclia, Hacienda Yana- 
gaea, 10,000 ft., 7. XI. 1939, Balls 7184. Leaves small, making a dense mat 
several feet across, on stems which creep along the ground and from which 
the flower stems stand upright. ” The bracts may be deciiluous in fruit. 

135a. (149) S. praeclara Epling, Eep. Spec. Nov., Beih. ^85: 121, 1936. 
A shrub or perennial herb as much as 2 m. tall, its stems glandular and 
viscid with spreading hairs of varied length, as miicli as 2 mm. long; leaf 
blades membranous, commonly 6-12 cm. long, 5-12 cm. broad, mostly del- 
toid in outline, somewhat acuminate at the apex, broadly and defiiiitely 
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cordate at the base, or the upper ones deltoid-lanceolate and subH'iuicatf*, 
their margins irregularly and rather coarsely crenate or serrate, Imth sui*- 
faces bright green and nearly glabrous, thinly giandiilar on the iipptn* sur- 
faces with spreading hairs, and along the veins beneatli; lirac'ts [iigaiioiis, 
3-5 mm. long, ovate-acuminate, hispiduloiis ; flowers several in each \ 4 n*- 
ticil, the glomerules at length 1-3 cm. distant; flowering calyces S-11 inm. 
long, often reddish toward the tips, glandular with spreading haij-s similar 
to those of the stems, 12-13 mm. long at maturity, the lower (ailyx te(flh f>ar- 
tialiy connate, the mature pedicels 5-6 mm. long; corolla biiglit (iear (oain- 
son, its tube 14-25 mm. long, bearing an elliptical dense areole of stifflsli 
short hairs on the lower side above the ovary, the upper lip 7-8 mm. tall, 
the lower about twice as long, the middle lobe ample; stamens seated about 
3 mm. below the orifice, the fllaments 7-9 mm. long, the comuadive 30-32 
mm. long, the rudder 12-13 mm. long, bearing a sharp spreading tooth 1.5 
mm. long, which projects from the throat. 

Previously known only from the type, collected by Pearce in Mecoya 
Valley. The following specimens have permitted ^ more accurate descrip- 
tion of this species and, with adequate material of the corollas, its assigii- 
inent to Sect. Mineatae rather than Sect. Cylindn^^^ This species not 
improbably has horticultural value. According to Eyerdam it is sweetly 
scented with the odor of lemon. 

Bolivia — cochabamba: Prov. Mizque. Vilavila, 2500-2600 ixi., Eyerdam 
25079, 25022, 25329; 3 km. south of Cochabamba, 2800 m., Eyerdam 
24929, 24931; 1 km. northwest of Vilavila, 2500 m., Eyerdam 24974, 

The Key to the Sections (p. 7, line 11) should be amended to read as 
folloAVS : 

li. Plantae Argeiitinae et Bolivianae; bracteae deciduae 28. Mineatae. 

The Key to section Mineatae should read as folloAcs : 

Calyces lioreiites 14-17 mm. longi; eorollarum tubi 23-28 mm. long!; 

plantae argentinae 135. S. exHeria. 

Calyces dorentes 8-11 mm. longi; eorollarum tubi 14-25 mm. longi; 

plantae bolmanae 135a. S. praeclara. 

141, S. TUBiFLORA Sill. Peru — ANCASH : Prov. Saiita, Lomas de La 
Chay, 40 km. north of Barranca, Siork, Horto'ri and Vargas 9202. 

142. S. STRIATA Benth. Peru — ^apurimac: Prov. Andahuaylas, Pincos, 
2700 m., Sto7‘k and Horton 10667. ''In fields cAmrywhere; an annual herb to 
.5 111 . ; common eastward as far as Cuzco. 

143. S. oppositiplora R. & P. Peru — cajamarca: Prov. Hiialgayoc' near 
Bambamarca, Stork and Horton 10030. The pubescence of the inflores('ence 
and calyces is quite variable in this and in a second collection from Depto. 
Lima. The calyces and branchlets may be either glabrate, Avith a feAv eglan- 
diilar hairs, or spreading-glandular. 

154. S. Haenkei Benth. Bolivia — chuquisaca: Near Sucre, 8,500 ft, 
Balls 6174. 

173. S. CINNABARINA M. & G. GUATEMALA— JALAPA : Volcail Jumav, 
1800-2200 111 ., Steyermark 32433; Cerro Alcoba, near Jalapa, 1300-2200 
m., St eyer mark 32538. 
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177. S. Orbignaei Beiith. Bolivia— chuquisca : Near Sucre, 8,500 ft., 
Balls 6151. 

184. S. NiTiDA (Mart.) Bentli. Mexico — guerrero : Sierrita near Galeana, 
950 m., Ilmton 14997. Known previously only from tlie type, collected at 
Juquila in Oaxaca. 

189. S. Mocinoi Beiitii. Guatemala — san marcos: Volean Tajumulco, 
1300-1500 in., Steyermark 37959. The lips of the calyx tube of this specimen 
are scarcely 1 mni. long*. 

202a. S. trifilis Epling, sp. nov. (Flocculosae) . Herba perennis eaulibiis 
ascendentibus altitudine ad (?) 60 cm., inter folia pilis extoisis simplieibus 
eglandulosis sparse ornatis, inter flores extensis glandulosis dense vestitis; 
foliorum laminis ovatis 3-5 cm. longis, 2-3.5 cm. latis, in apice aeutiusculis, 
in basi rotundatis (? interdum subcordatis), marginibus serrulatis, pagina 
superiore viricle pilis simplieibus interdum ramosis sparse hirsuta, inferiore 
cinerea pilis ramosis sat tomentosa ; petiolis 1-2.5 cm. longis elatis ; floribus 
cireiter 6 in verticillastris bracteis caducis subtentis, glomerulis caeruleis 
inter se 1-2.5 cm. dist antibus in spicis interruptis J:5-20 cm. longis dispositis ; 
calycibiis florentibus 6 mm. longis extus pilis extensis glandulosis ut videtur 
viscidis, labiis sat hiantibus aeutis in niaturitate paulo aiictis; corollarum 
caerulearum tubo 6.5 mm. longo, labia superiore 3.5 mm. alta. 

Peru — cajamarca: Prov. Cuteros, Sucse Eiver Valley west of Socota, 
2800 m., Stork and Horton 10105 (Univ. Calif., L. A., type). 

This species might readily be mistaken for S. cuspidata^ known from 
Lima. However, the stamen structure and the branched pubtstence of the 
leaves readily distinguish it. In habit and pubescence it also lesembles some 
of the species of Scorodonia, a Mexican section, such for example as S. nielis-- 
sodora. However, the herbaceous rather than fruticose habit, the moi e spread- 
ing jaws of the calyces and the epapillate corolla tubes distinguish it from 
that group. 

224a. S. capillosa Epling. A reconsideration of this species, together 
with S. sapinea^ suggests the essential unity of the sections Scorodonia and 
JJrica, although the extremes are rather diverse. Until more material is avail- 
able for better understanding of the complex, it seems jueleiable to consider 
them as a single section, which would preferably take the name ot Scorodonia. 
The Key to the Sections Avhieh refers to them can be bettereil to i ead as fol- 
lows (p. 11, line 37) : 

/'KK. Corollae saepius caeruleae vel eyaneae, rariiis albidae vel roseo- 
purpureae; caules vix decurrenti-villosi ; plantae imprimis mexicanae. L. 
Gorollarum caerulearum vel albidarum labia inferior ciuam galea longior 
(vide etiam 59a Nivalis; corollae albae albo-pilosae). M. Folia modo ob- 
longo-lanceolata vel linearia et bractea saepius decidua modo ovata tamen 
bractea saepius perstata; corollarum tubi intus nudi (8. leptophylla et 
simUis exeeptae) 46. Farinaceae. MM. Folia ovata vel deltoidea {S. occidnae 
oblongo-laiiceolata) ; bractea decidua; corollarum tubi intus ad basim rugis 
binis vel papillis ornati, rarius nudi 43. Scorodonia. LL. Corollarum 
cyaiiearum vel roseo-purpurearum labia inferior ciuani galea siibaeciuilonga 
vel brevior. M. Folia deltoidea, bullulata; corollarum tubi albi, labiae 
eyaneae 52. Atratae. MM. Folia ovata-elliptica in basi angustata {S. /’c5- 
tivae rotundata) ; corollae vix bieolores. 59. Maxonia.’^ 
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Following' is a suggested modification of tlie Key to Scorodonia to include 
tlie species of TJricae (p. 167, line 18 seq.) : 

CoroUarum tiibi 0-15 min. longi; folia jiilis loiigioribiis saepius appressis 
frequenter glandulosis Mrsuta, inter dum glabra. 

Folia pleruinque 4 em. longa et ultra; petiolis saepius plus quam 1 
cm. ; ramuloriim pili magnam partem 2-3 mm. longi. 

CoroUarum tiibi 5-7 mm. longi. 

CoroUarum tiibi intus ad basim rugis binis ornati; plaiitae 
San Luis Potosi, Hidalgo, Mexico^ Guanajuato, Tlaxeala 

et Puebla 224. B. mnarismna, 

CoroUarum tubi intus iiudi; plantae Oaxaca et Atielioacaii. 

224a. S. eapillosa. 

Corollarimi tubi 8-15 mm. longi; plantae guatemalenses vel 
mexicanae. 

.Folia iitrimque patentim liirsuta et subtus saepius tomentosa ; 

plantae guatemalenses 225. S. IJrlca. 

Folia Iitrimque glabra et viridia, nisi ad venas sparsissime 

pilosa; plantae mexicanae (Guererro) 225a. S, sapinea, 

F'olia pleruinque minus quam 4 cm. longa; petioli rarius plus quam 
1 cm. ; ramulorum^iili magnam partem 1-2 mm. longi. 

Hamuli utrimque pilis glandulosis plus miiiusve vestiti etc. etc. 

225. S. Urica Epling. Guatemala — chiquimula: Montana Nonoja, near 
Camotan, 600-1800 m., Steyermark 31697 ; Volean Quezaltepeque, 1500-2000 
m., Steyermark 31493. jalapa: Zapote, near San Pedro Piniila, 1500 ni., 
Steyermark 32958; Montana Miramnndo, between Jalapa and Lago Ayarza, 
2000-2200 m., Steyermark 32794; Potrero Carrillo, 13 mi. N. E. of Jalapa, 
1500-1700 ni., Steyermark 33129. 

225a. S. sapinea Epling, sp. iiov. (Uricae). Siiifriitex altitiidine ad 1.5 m. 
ramiilis graeilibiis fere glabris tamen pilis longioribiis extensis vel reciirvis 
sparse eoiispersis tamen inter flores brevibus glandulosis et crassioribus dense 
obsitis; foliorum laminis cordato-ovatis, 6-12 em. longis, 4-8 cm. latis, in 
apice breviter et abriipte acuminatis, in basi saepe obliqiiis, marginibiis ser- 
ratis, pagiiia snperiore fere glabra breviter et sparse iiirtella inferiore ad 
venas pilis longioribiis appressis sparsissime ornata, petiolis 3-10 cm. longis, 
villosis ; floribiis 6 in vertieillastris sat densis braeteis cadiicis parvis siib- 
tentis, glomeriilis inter se 1-2 em. distantibiis in spiels interruptis 15-20 cm. 
longis strietioribiis positis ; calycibiis fiiorentibiis purpiireis 7-8 mm. longis 
extiis pilis glandulosis brevioribns extensis et panels crassioribus obsitis, in 
maturitate paulo auctis; labia snperiore 3-5-7-venis; pedieellis 5-6 mm. 
longis elatis; corollarum violaeearuin tubo 9-12 mm,, longo intus papillis 
quatuor ornato, labia snperiore 4. 5-5. 5 mm. alta, inferiore duplo Icmgiore. 

Mexico — guerrero: Teotepee, distr. Mina, 3375 m., in open pine and fir 
forest, 6.XI.1939, Hinton 14798 (type, Univ. Calif., L. A.) 

The nature of the stamen connective is somewhat variable. It is usually 
almost entire or with a slight tooth toward the middle. Oceasioiially, however, 
the tooth appears to be somewhat assurgent, in which ease the species might 
be sought mide^ir Fernaldia 10), from which it may readily be distin- 
guished in a number of ways. If only those calyces which have a 3weined 
upper lip are examined, the species would be sought under Polystachyae, 
from which it would be at once distinguished by the size of the corolla, the 
corolla tubes of that section rarely being over 6 mm, long. See 224a, this 
paper, for key. 
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228. S. CORDATA Beiitli. Uruguay — salto: Sail Aiitoiiio, en ciicliillas 
pedregosas, XI. 1937, Orilvuela {Rosengurtt 2682). This species has been 
known previously only from Rio Grande do Snl. 

243a. S. Jacobi Bpling. Mexico — guerreeo: Yeseeros-Cruz Paeifiea, 3050 
111 ., Hinton 14891. 

253. S. rypaka Briq. This species, predominaritly of north wH^stet-n Argen- 
tina and adjacent Bolivia, may be represented by Eyerdani 2l!OH7, collected 
at Cochabamba. Cochabamba, hoAvever, is the type loeality of N. platystonia 
EpL, known only from specimens collected there by Bany {no. 2032) and 
Hohvay (no. 386). The habit, pubeseenee and flower size of EyerdanCs speci- 
men strongly suggests ^8. rypara, saA^e in the fact that the lea\'es tend to be 
deltoid. ■Whether both supposed species oeeiir there, whetlier the present 
specimen is a variant of /?. platystoma or Avlietlier tliese species are in fact 
one, is obscure. 

267. kS. Shannoni J. D. Smith. Guatemala — chiquimula: ]\Iontaiia 
Castilla, near Montana Clebollas, 3 mi. S. E. of Qnezaltepecpie, 1200~-1500 m., 
Steyermark 31220. On Socorro Mountain between, Piinai San Jose and ]\ron- 
taiia Nube, 1200-1700 m., Bieyermarh 30924. 

273. S. Sacculus Epliiig. Mexico — nuevo leon : Below Alamar, about 
15 mi. S. W. of Galeana, Mueller and Mueller 1133. 

281. S. FiLiPEs Benth. (8. decora Epling in Rep. Spec. Noa'., Belli. 110: 
222. 1939.) Mexico — guerrero: Armenia Lagunas, 1900 m., .l\rina, Hinton 
9762; Puerto Rico, 1800 m., Hinton 14980; ChijacaA’ote — Carrizal, 1400 in., 
Hinton 14921; Yesceros — Cruz Pacifica, 2550 m., Hinton 14900. The tliree 
most recently collected specimens demonstrate the unity of these species, for 
they seem clearly to comieet the tAvo Ppies, separable cliiefly because of the 
narroAA^er leaves, smaller and reflexed floAvers of S. decora. The floAvers may 
be either Avhite or pale blue. 

282. S. PLURispicATA Epling. Mexico — michoacan: i\rt. Tamitaro, 2850 
111 ., Hinton 15527. Although more closely allied by habit to spe(nes ol‘ Poly- 
stacliyae^ as indicated previously, the corolla tubes of this Avell-niarked spe- 
cies are frequently epapillate. Such plants Avoiild be sought under A){(yidatae. 
The styles of the present specimen are glabrous, an unusual ('ondition in the 
small, bliie-floAvered sections. 

293. S. pineticola Epling, sp. noAv (Carneae) Ilerba (!) perennis altitu- 
dine 60 cm., eaulibus superne pilis deeurvis minutis magnam part(mi eglan- 
diilosis pubeseentibus, internodiis quam folia breviori])us ; foliorum laminis 
late OA^atis, 5-8 cm. diametro, in apice breAuter acuminatis, in basi subtrun- 
catis vel leniter cordatis, marginibus com^exioribus, serratis, })agina supeciore 
hirtella, inferiore praesertiiii ad venas pilis erassioribus articiilatis sparse vil- 
losa; petiolis 5-7 cm. longis; floribus 3-6 in A^erticiilastris biiicteis eadueis 
subtentis, in spieis confertioribus 5-15 cm. longis dispositis, glomerulis inter 
se 5-10 mm. distaiitibiis ; pedicellis 3-5 mm. longis; calycjbus florentibiis 
tenuibus mpnbranaeeis viridibus 5 mm. longis, in maturitate 7 mm. longis, 
extus glabris, nullomodo glandulosis; eorollarum albarum tube 9 mm. longo, 
labia superiore 4 mm. alta. 

Mexico— AmRA cruz : Lomagrande, Mt. Orizaba, 8700 ft., 27.YIII.1938, 
RnZZ.s' 5r,5'6‘5 (IJSNH, type). 
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In the amended key to the section this species would be soD.dit lu^ar 2H. 
S, gracilis from which it can be distinguished by the curled eiihiiuhihu'- 
pnbescenee of the stems, the relatively broad leaf blades, the (? always) 
white corollas and glabrous, thin calyces which are greenish ratliei* tlian 
tinged with red. 

294. S. GRACILIS Benth. Guatemala — quezaltenango : Yolcan Zanil, 
2500-2800 m., Steyermaric 34612. Calyces nearly 10 mm, long at maTurity! 
6 mm. in floiver. Corolla tubes 12 mm. long*, the upper lip^ 5.5 mm. tail. 
Otherwise like typical specimens gathered in this vicinity (Siandley 67330). 
Specimens recently collected by Hmton {no. 15397) in Guerrero near 
Galeaiia between Piedra Aneha and Tres Cruces may be a white flowered 
form of this species. The corolla tubes are 11 mm. long, iKuvever, and the 
leaf habit is somewhat different. 

299. S. DEBiLis Epliiig*. Colombia — cundinamarca : Ptisagasuga, 2100- 
2400 m., Arhdaez amcl Cuatrecasas 6604; Mun. Guasca, Paramo de Guasca, 
300-3500 m., Barriga 8093. This presumed species may have the steins of 
the inflorescence and calyces minutely glandular, as well as quite glabrous. 
Tlie habit of foliage is quite variable. 

300. S. Killipiana Epling*. Colombia — cundinamarca: Cord, Oriental, 
Paramo de Guasca, Cuatrecasas 9445. The inflorescence is glandular puber- 
ulent only. 

310. S. ROSCiDA. A specimen collected by Gentry (no. 3651) in Sonora 
on Rio Mayo at Curohin apparently is referable to this species and raises 
the question of the identity of a more recent collection of his, (no. 5828) 
made in Sinaloa, Puerto a Tamiapa. That specimen is seemingly identical 
wdth the type of S. miicidiflora Fern., described from San Ramon, Durango, 
except that the villous pubescence of the inflorescence and calyces is almost 
W'holly replaced by small capitate glands. At the same time S. roscida seems 
scarcely different save in flower size from S. fallax Pern., described from 
Topic. This supposed species has a glabrate analog in Mexia’s specimens 
from Jalisco {no. 1683). Purthermore, S. remiss a BpL, described from 
Jalisco (Alexia 1559) is very similar to S. fallax^ and specimens recently 
gathered in Michoacan by Hinton (nos. 12128, 12480, 12357, 12208), which 
seem referable to that species, are in turn scarcely to be separated from 
S. miicidiflora. It seems probable, therefore, that S. mucidiflora Perm, 8. 
fallax Pern., and 8. remissa Epl. are all referable to 8. roscida Pern, and 
form a species which ranges from Durango and southern Sonora to Micho- 
acan. In this species the pubescence of the inflorescence varies from nearly 
glabrous (Mexia 1683) to flnely glandular (Gentry 5828) or commonly to 
villous, as ill the remaining specimens. The bracts are either deeiduoiis or 
subpersistent. More abundant collections are needed to reach a decision. 

312. S. ARTHROCOMA Peril. MEXICO — ^VERA CRUZ: Jalapa, San Miguel, 
6,500 ft., Balls 4724. This specimen appears to be nearest to 8. arthroconia, 
known only from the type locality in Hidalgo, to which it is similar in gen- 
eral habit, the habit of the flowers and pubescence. It has smaller leaves, 
rounded at the base, and smaller flowers. Jalapa is the type locality of 8. 
xala/pensis, but the present specimen seems scarcely to be that species. 

312b. S. FLAcoiDiFOLiA (Aiigulatae) Pern, in Proc. Am. Acad. 43: 66. 
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1908. Type: Mexico— piibalgo : barranca beloAv Trinidad Iron Works, 
Pringle 10298 (Gray). 

Herba verisimiliter snfrnticosa ramis graeilibus superne Iiirteilis et 
pins ininnsve g'landulosis ; f olioruin laininis sat tennibiis piilclire ovatis, 6—9 
cm. longis, 4-6 cm. latis, supra medium acnminatis, etiam subcaiidatis, in 
basi sat rotnndatis et cordatis, marginibus serratis, paginis ambabiis sparse 
Iiirteilis; petiolis gracilibiis plerumqiie 3-6 cm. longis; floribiis tribus in 
bracteorum caducorum axillis, interdum solitariis et oppositis, pedicillis 
gracilibiis 4—5 min. longis elatis, in racemis laxis 6—8 cm. longis dispositis ; 
calyeum fiorentium tube 7 mm. longo, extus glanduloso-piiberulo, labiis 
acuniinatis ; eorollarum cyanearum tube 13—14 min. longo, galea 9—10 niin. 
alta. 

Mexico — hidalgo : Barranca beloiA^ tlie Trinidad Iron Works, 6. IX. 1906, 
Pringle 10298, 

Similar to 8. cyana/rrtha but tlie leaves cordate at the base and the 
flowers somewhat larger and of different conformation. The key to this sec- 
tion is in urgent need ot' revision, but the material at hand is as \'et hardly 
sufficient. In the present key, this species would probably be sought near 
8. myinantlia, 

314b. S. trichopes Bpliiig, sp. nov. {Angiilafae) . Herba suff'ruticosa lit 
videtur ramulis gracillimis glaberrimis; foliorum laminis ovatis, 2.5-4 cm. 
longis, supra medium acuminatis, in basi rotnndatis, niarginibiis sei‘ratis, 
pagiiia superiore hirtella vel glabra, inferiore glaberrima ; petiolis filiform- 
ibus 1. 5-2.5 cm. longis ; floribus tribus in verticillastris bracteis caducis siib- 
tentis, pedicellis gracilibiis 3-4 mm. longis elatis; glomerulis laxis inter se 
1-2 cm. distantibus in spicis iiiterruptis gracilibiis laxis 15-20 cm. longis 
dispositis; calycibus florentibus 6 mm. longis, sparsissime iiirteilis, in ma- 
turitate paulo auctis; eorollarum rosearum tiibo 10 imn. longo, laliia su- 
periore 4.5 mm. alta. 

Panama — chiriqui: in vicinity of Bajo Chorro, 1900 in., Woodson and 
8cliery 693 (Univ. Calif., L. A., type). Similar in as])e(*t to 8. langnidida 
of Michoacan and Guerrero, but more glabrous, A\'ith larger flowers and 
deciduous bracts. 

339a. S. cyanicalyx Epliiig, sp. now (Angnlafae ) . Herba |)erennis alti- 
tudine ad 1 m. ramis superne pilis paiwis appi*essis Iiirteilis. internodiis 
elongatis quain folia longioribus ; folioriiin laminis am pi is, late ovatis, 8-11 
cm. longis, 7-8 cm. latis, in apice breiuter acuminatis, acutissimis, in basi 
rotnndatis et ad petiolos abrupte et anguste euneato-angiistatis, marginibus 
convexioribus, serratis, pagina superiore fere glabra, hirtella, inferiore pilis 
parvis albo-tomentosa ; petiolis 3-4 cm. longis; floribus pluribus in verti- 
cillastris, bracteis caducis subtentis, gloinerulis inter se 1-5 cm. distantibus 
in spicis interruptis atro-eyaneis dispositis ; calycibus florentibus atro-cya- 
neis, hirtellis, fere glabris, circiter 9 mm. longis, in maturitate 12 mm. longis 
10 mm. latis, labiis hiantibus, acuminatis; eorollarum pall id e ('aeridearuin 
tubo sat ventricoso, 12 mm. longo, labia superiore 4-5 inm. alta. 

Allied to 8. ampUfrons of Bolivua from ivliieh it differs chiefly in the 
larger corollas and proportionately broader leaves ; suggests 8, sfachydifoUa 
(Malacophyllae) in habit, but the upper lip of the calyx is definitely 3-A’eined. 

Peru— APURiMAc : Prov. Abancay, Ampuy, 2400-3200 m., 12.11.1939, 
Stork, Horton and Yargas 10618 (Field Mus., type) . 
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345. S. AMETHYSTiNA J. D. Smitli. Colombia — boyaca: Alto earretera 
sobre^ Puente de Boyaca, 2800 m., Arlelaez and Cuatrecams 8077. The upper 
lip of the calyces is sometimes 5-veiiied. Furthermore, a fact Avhieh I failed 
to note, the stamens are seated betiveen the middle of the corolla tube and 
the throat. The general key should accordingly be modified to read as folloAcs 
(p. 8, line 32) : 

Stamina vel ad tubi medium vel inter tubi medium et fauces posita. 

I. Corollae caeriileae infra medium patentim invaginatae 58. Ampelophyllae, 

II. Corollae rubrae yA coccineae integrae 29. Bubescenies,” and on p 11 

line 5 : " ' 

Stamina inter corollae tubi medium et fauces posita. P. Corollae 
labiae breves inferioris lacinia media incurvo-eoncava (idde etiain Alho- 
lanatas et Buhescentes) ; tubi integri 91. Secundae. FP. Corollae eaeru- 
leae labia inferior quam superior longior et patentim deflexa 58. Ampe- 
lopliyllaed’ 

59a. Nivalis 

Suffrutex ramis graci^jibus internodiis sat eloiigatis foliis deltoideo- 
ovatis petiolatis ; fioribus 3-6 in vertieillastris bracteis caducis siibtentis in 
spiels interruptis sat confertis clispositis; calycum labia superiore obtusa 
imprimis 3-venis, interdum 5-A^enis, inferior pro rata breviore acuminata ; 
corollarum nivearum extiis dense albo-hirsutariim tubo intus ad basim pa- 
pillis quatuor ornato et sub papillas paulo constricto, labiis subaequilongis ; 
staminibus in galea inclusis in faucibus positis, gubernaeulo ad eonnexum 
dente retrorso ornato ; stylo utrimque hirsuto, ramo postieo longiore. 

351b. S. Leninae Epling, sp. nov. (NivaMs). Suifrutex altitudine ad 2 

III . ramulis pilis extensis vel subretrorsis praesertim ad suleos ornatis; 
folioruni laiiiinis deltoideo-ovatis 4-7 cm. longis, 3-5 cm. latis, in apice 
leniter aeumiiiatis, in basi rotundato-truneatis, paginis ambabus pilis reetis 
praesertim ad venas sparse conspersis, margiiiibus serratis; petiolis viilosis 
1.5-5 cm. longis ; ealycibus florentibus 8-9 mm. longis ad venas pilis reetis 
sparse conspersis; corollarum nivearum extus albo-pilosanim tubo 12 mm. 
longo, labia superiore 8-9 mm. alta, inferiore subaequilonga ; staminibus 
11-12 mm. longis. 

Mexico — guerrero : Yesceros-Cruz Pacifica, 2900 m., in pine-oak forest, 
26.XI.1939, Hinton 14897 (type, Univ. Calif., L. A.). 

In the key to the sections this species would probably be soiiglit near 
Maxonia. The key should be amended to read as folloAYS (p. 8, line 1) : 

'fE. Corollarum tubi 6-13 mm. longi; plantae mexicanae et centrali- 
amerieanae. F. Folia utrimque angustata; corollae caeriileae yA roseae 
59. Maxonia. FF. Folia in basi truneato-rotundata ; corollae albae albo- 
pilosae 59a. Nivalis. EE. Corollarum tubi 15-27 mm. long {8. purpurae 
interdum 10-12 mm. longi; vide etiam species colombianam, 8. erythro- 
stoma). P. Corollae roseo-purpureae vel coccineae. G. Folia in basi sae- 
pius rotundata, rariiis angustata; 87. Pnrpiireae. GG. Folia in basi ad 
petioles angustata vel extemiata; corollae eoeeiiieae; plantae colombianae 
83. Killipiana. PP. Corollae cyaneae; plantae guatemalenses 83a. Latenti- 
floraeA^ 

If this species is sought in the category in which the upper lip is 5-veined, 
see under species 224a (p. 560, this paper). 
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I quote from a letter of transmittal from Mr. James C. Hiiitoii : ‘ ‘ if tlu^re 
are any new Salvias in the lot, and if it would be in keeping with the dig- 
nity of the subject, I should like to ask you to name a Salvia for my black 
mule 'Lenina,' which has been in the field for ten years now and has played 
an indispensable part in the finding of a majority of our new Salvias. Both 
my father and myself you have already honored. Would it not therefore be 
just, I ask, to send Lenina's name also down to posterity on some new 
Sahua!" 

I have carefully searched the pages of the International Kules to learn 
whether there is any prohibition against naming Salvias after mules, but I 
find none. And what is more deserving of commemoration than the dignity 
of long and faithful service to science even though it be somewhat unwitting 
— or sometimes unwilling ? Long life to Lenina 1 

354. S. MExrcANA L. Mexico — guerrero: Yeseeros-Cruz Pacifica, 2850 
in., Mina, Hinton 14889; Petlacala — Buenavista, 2600 m., hlina, Hinton 
14878. These specimens^, are apparently referable to the form which was 
named 8. lup'iilina by Fernald. The calyces are broader and the lips rela- 
tively shorter. The corollas are somewhat stouter. Braiiehed liairs are fre- 
quently seen. The nature of this complex is uncertain, and until much more 
herbarium material is available for comparison, no certain eonclusions can 
be made. It appears probable, however, that three entities are involved. 

379a. S. betulaefolia Epling, sp. nov. {Erythrostacti ifs) . Prutex pulcher 
ramulis pilis plus minusve retrorsis cinereo-pubeseentibus ; foliorum laminis 
deltoideo-ovatis frequenter habitus Betulae, sat tenuibus, 2.5-6 cm. longis, 
2-4 cm, latis, supra medium saepius acuminatis et in apiee a<uitis, iti basi 
saepius truncatis, irregulariter dentato-crenatis paginis ambabus ])ilis ex- 
tensis sparse pubescentibus ; petiolis 1-2 cm. longis ; floribiis o])positis in 
panieulis paucifioris brevibus bracteis parvis eoloratis perstatis siibtentis 
dispositis ; calycibus florentibus pulchre coceineis 16-20 min. longis, sparse 
hirtellis, in maturitate jiaulo auctis subinflatis et infra medium augustatis ; 
corollarum pulchre coceinearum tubo 35-37 mm. longo, labia su])eriore 
16-17 mm. alta. 

Mexico — durango: Tejamen, 21-27.YIII.1906, E. Pahner 477 (type, 
ITSNH) ; Tepehiianes, 4^25.YI.1906, E. Palmer 292; Santiago P(fpas(;uiaro, 
1896, E. Palmer 404. Chihuahua: Mojaraehie, 6900 ft., 30.\JTI.1939, J. 
KnoiloeJi 5833. 

A member of the section Erythrostachijs (no. 379a) ami formerly in- 
cluded by me in S. Regia. It is more nearly intermediate between 8. Rcgla 
and 8. 8essei. It may be distinguished from 8. Begla by the a(mminate leaves 
which are proportionately longer, those of 8. Begla being brocully deltoid or 
even reniform, by the more irregular serratures of the leaf margin and by 
the pubescence, which is not only more abundant but coarser in quality. 
Just as the leaves of 8. Begla suggest those of Populus tremnloides, the leaves 
of suggest those of Befala alba. 

381. S. Sessei Benth. Mexico — michoacan : Zitacuaro to Cayota, 1840 m., 
Hinton 13160. 

389. S. siguatepequensis Standi. Guatemala^ — chiquimula : Montana 
Nube (Yolcancitos), southeast of Coneepeion de las Minas, 1500-1700 m., 
Steyermark 30912; 30913. Partly intermediate between this species and 8. 
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/ittrit’ins'AiL riic latter, in typical form, has been corieeted in Giiateiiiala and 
it is entire].y possible that S. sigiiatepequensis is only a southern phase of it. 
The calyces are hispidiilous and glandular. 

390. S. Karwinskii Benth. Mexico— chiapas : Volean Tacaiia, Chiqiii^ 
hiiite, 2800 m., Matuda 2826. Guatemala — jalapa : 6 mi. south of Mira- 
mundo, Montana Miramiiiido, 2000-2500 m., Steyerniark 82705; .32757. 
JUTIAPA : Volean Suchitan 2050 m., Steyerniark 31900. san marcos : Yoleaii 
Taeana, 2200-2500 m., Steyermark 36040 (an epiphyte on lower trunk of 
forest tree). 

392. S. Wagneriana Polak. Guatemala — chiquimula: Montana Niibe 
(Montana Voleancitos), southeast of Concepcion de las Minas, 1500-1700 
in., Steyerniark 30916. 

The general key to sections (p. 11, line 32) should be modified to read as 
follows : 

J. Plantae peruvianae; eorollarum tubi 13-23 mm. longi 64. Pavonia. 
JJ. Plantae mexieanae vel centrali-americanae. K. Gorollaruni eaeriilearum 
tubi 3.5-15 mill, longi 43. ^Scorodonia. KK. Corollariim eoecinearinii tub! 
18-25 111111 . longi 70. Cardinales.’^ 

391. S. Holwayi Blake. Guatemala — chiquimula : Rio Taco, between 
Chiquimala and Montana Barriol, 500-1200 m., Steyermark 30627. Zacapa : 
Sierra de las ]\Iinas, 1000-1500 m., Steyermark 29665. The leaves of this 
Auiriable, but readil}^ recognized species, may be as much as 13 cm. long and 
8 cm. broad, the petioles being as much as 7 cm. long. The corolla tube may 
be as short as 15 mm. 

401a. S. gravida Epling. Mexico — aiichoacan : Mt. Tancitaro, 2300 m., 
Hinton 15677. The flowers of this species are a beautiful rose-purple. Those 
of the present specimen appear to be more bluish purple, perhaps due to the 
accidents of pressing. It is a handsome subject and deserves introduction 
into our gardens. 

410. S. Dombeyi Epling. Peru— cuzco: Prov. Paucartanibo, near Marea- 
ehea, 2400 in., Yargas 11106. Described on the label as a tree 3-5 m. tall. 

411. S. scandens Epling. Peru — cuzco : Prov. Quispicanchi, Marcapata, 
near Chile-Chile, 2000-2500 m., Yargas 9678. The type, collected in the same 
place was said by Weberbauer to be seandent. Apparently it is not always so. 
It is difficult to determine from the material at hand, but the lo-wer lip of 
the corolla may be the longer. The species is doubtfully referable to section 
Longiflorae. 

420. S. latens Benth. {S. laurifolia Epling in Rep. Spec. Nov. Belli, 85: 
102. 1936.) Colombia — ^el cauca: Popayan, Tiembio en Hatoviejo, 1800 m., 
Arhelaez and Cuatrecasas 6067. cundinamarca : Dintel (Paeatativa-La 
Y ega) , 2700-2800 m., Arhelaez and Cuatrecasas 5297. Salto de Tequendama, 
2440 m., Chiatrecas^^ 

These proposed species are separable chiefly on the basis of the villous 
pubescenee of the stems and calyces of the former, together with the fact 
that the floivers are axillary. That both criteria are variable in the type 
locality is shown by no. 6067 ^ and it accordingly seems preferable to consider 
the species synonymous. Nevertheless, the plants of Ciiiidinainarca appear to 
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he constantly glabrous. The corollas of Ctiap’ecasas 8184 are larger than 
specimens previously referred here, including the type from the same 
locality. The corolla tubes are as much as 21 mm., the upper lips 19 mm. 
and the lower lips 12 mm. long. 

83a. Sect. Lalentiflorae. 

Frutices foliis anguste ovatis vel elliptieis in basi angustatis, siibciineatis, 
breviter petiolatis ; floribus in f oliorum axillis solitariis in foliis latentibus, 
ut videtur nullomodo in spicis dispositis ; calycibus glabris, labiis acuminatis, 
superiore 3-venis; corollariim cyanearum tubo superne gradatini ampliato 
ad basim papillis binis inajoribus assurgentibus et binis niiiioribus retrorsis 
ornato, nullomodo invaginato, labia superiore erecta, iiiferiore siibaequi- 
longa; staminibus in galea inclusis; stylo pilose, ramo postieo longiore; 
gynobasis cornu ovarium paulo superante. Plants of Guatemala. Type spe- 
cies : 8 . Op erti flora. 

An amended portion pf the key to the sections whicli includes this section 
Avill be found under species 351b (page 565, this paper). 

422a. S. opertiflora Epling, sp. nov. (Lafenttflorae) . 6uate:mala. Dept. 
Chiquiinula, Yolcan Quezaltepeque, Steyermarh 31469 (Field 'Mm., type.) 

Frutex raniulis pilis extensis sat dense et molliter ^'estitis, iuternodiis 
quam folia brevioribiis ; foliorum laminis ovato-lanceolatis vel elliptieis, 8-9 
cm. longis, 2. 5-3. 5 cm. latis, supra medium leviter acuminatis, in basi an- 
gustatis, marginibus serrulatis, pagina superiore viride, sparse hirtelia, in- 
feriore pallidiore, sparse villosula, venis purpureis; petiolis obseuris vix 1 
cm. longis ; floribus panels axillaribus in foliis latentibus, pedieellis 4—5 ram. 
longis elatis ; calycibus florentibus glaberrimis, pallidis, 12 nim. longis, labiis 
acuminatis, aequilongis, 4 mm. longis, superiore trivenis; eororiarum atro- 
purpurearum vel cyanearum tubo 18-21 mm. longo, habitus S. mexieanae, 
labia superiore 11-13 mm. alta, iiiferiore subaequilonga. 

Guatemala — chiquimula: Volean Quezaltepeque, 3-4 miles X. E. of 
Quezaltepeque, in open thickets, 1500-2000 m., 8.XI.1939, Steyermark 31469. 

447. S. FLORIDA Benth. Peru — cajamarca : Prov. (dutervo. Trail between 
Socota and Tambillo, forest of the Ceja de la Montana, Stork and Horton 
10190. 

The flowering calyces are somewhat smaller (12-13 mm. ) than described, 
and the corolla tube is about 26 mm. long, the stamens being correspondingly 
smaller. Plowever, there is no doubt as to the identity. 

454. S. EXCELSA Benth. Guatemala — san marcos: Voh-an Tajumulco, 
2300-2800 111 ., Steyermarh 36599. First record for Guatemala of this s])ec'ies 
except the original specimen grown from seeds. See Bull. Torr. Club 67 : 533. 
1940. Mexico — cuerrero: Paraje Javalin, 2500 m., distr. Mm<\. Hinton 
15416. 
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THE DEVELOPMENT OF THE PERISTOME IN 
AULACOMNIUM HETEROSTICHUM 

H. L. Blomquist and Lora Lee Robertson 
(with twenty-eight figures) 

INTRODUCTION 

The peristome is an interesting* structure and in the systeinatics of mosses 
is considered to be of fundamental importance. The use of the peristome 
as a character in classification began in 1801 with the publication of Johann 
Heclwig’s Sjjecies Muscotmm Frondosonim^ which has been selected as the 
starting point for iiomenclature in the taxonomy U the true mosses. Since 
that time the establishmeijt of the primary gTOups of the Bryales lias been 
based alternate].y upon the peristome, a sporopliytic structure, or upoii the 
gametophjTe. In recent times, however, owing especially to the influence of 
the works of Pliilibert (1884), Fleischer (1900-1922), Goebel (1906, 1930) 
and others, a more settled opinion has developed among the majority of the 
students of mosses that the peristome is of the greatest fundamental pliylo- 
genetic importance. In the most recent discussion on this subject, Dixon 
(1932) says, ^H^or one thing it is quite clear that the main types of peristome 
among the Bryales are of great phylogenetic importance, and are more or 
less primitive, viz., the Nematodonteae and the Arthrodonteae, the latter 
divided into Haplolepideae and Diplolepideae. No part of our classification 
based on gametophyte characters must cut across these broad lines. ’ ^ 

In view of this importance of the peristome in the study of mosses, it 
seems highly desirable that we should have a true concept of what this struc- 
ture is and some appreciation of its variation in the different groups in which 
it occurs. Ajiparently, however, there is a general lack of understanding 
of what the peristome really is, and this is no doubt partly due to the scarcity 
of investigations dealing with its development. Furthermore, in some of the 
few works on this subject, incorrect interpretations add to the confusion. 

It is the purpose of this paper to present an account of the embryonal 
development of a double-peristomate moss wdiieh is fairly representative of 
the diplolepidious Bryales. The main objectives are to show from what em- 
bryonic cell-layers a double peristome originates, how it is differentiated, the 
relation of it.y mature characteristics to its developmental histoiw, and to 
correlate it with the peristome of a single-peristomate moss. It is done with 
the hope that it will lead to a better and wider nnderstanding of this inter- 
esting and important structure and will stimulate further investigation. 

m 
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HISTORICAL REVIEW 


Altliougli Hedwig was the first one to give ns any knoAvledge of the stnie- 
tiire of the moss capsule, his concept of the structure of the peristome was 
far from clear. The first work in which this subject was dealt with more ade- 
quately was that of Lantziiis-Beninga (1847). The exceliene.y of this contri- 
bution has made it a classic in the study of the morphology of mosses. He 
clearly showed what the peristome is composed of, its unity of plan, and its 


variation in the several groups which he considered. He was the first one to 
observe that the peristome is either composed of columns of whole dead cells 
or of only thickened portions of cells wliieh remain after the surrounding 
delicate parts break away. Although he worked maiiil.Y with mature eapsiiles 
in which the peristome is fully developed, he observed some of the develop- 
mental stages in such genera as Ceratoclon and PolytricJrHm. Lantzius-Ben- 
inga observed the regularity of cell division in the outer region of the oper- 
culum, and called attention to the curious fact, ^)^llieh had previously been 
observed, that the number of parts of the peristome is always four or a mul- 
tiple of four. He attributed this fact to the regufarit}' of cell di\'ision. 

Since the appearance of the work of Lantzius-Beninga, the investigations 
on the peristoma have made some progress along the following more or less 
distinct lines: (1) comparative morphology of usually mature peristomes 
from the viewpoint of relationship and phylogeny; (2) its function and be- 
liavior; (3) its embryonal development; and (4) its minute structure and 
chemical composition. Only the last two will be considered here. 

The early contributions to our knowledge of the development of the 
peristome are included in the general investigations coneerning tlie de\’elop- 
ment of the sporoph.vte as a whole or of the capsule proper. The most im- 
portant of these is the work of Kienitz-Gerloff (1878) on the developineiit 
of the sporophyte in several members of the Bryales. He observed, as had 
Hofmeister (1851), that development proceeds from a two-sided apical cell 
which cuts off two rows of segments. Each of these segments tlien diAudes by 
an anticlinal wall which results in a column of ({uadrants of c(‘lls. By anti- 
clinal and periclinal cell division the quadrants are further divided into an 
inner square of four cells and an outer layer of eight cells. The central 
square, Avhieh had been called the ^‘GrundquadraH’ by Kuhn (1870), 
Kienitz-Gerloff named the ^ ^ endotheeium ’ ’ and the outer peripheral layer 
the ^'amphithecium.^^ He showed further that the peristome develops from 
the amphithecium and believed that the basic number of peristome teeth is 
four. 

More special contributions to the development of the peristome Avere 
made by Goebel (1887) on Funaria hygrometrica Sibth. and Folyiriclmm 
pilifermn Schreb., by Strasburger (1902) on Mnhim hornmn HedAV., and by 
Campbell (1905) on Fiinaria hygrometrica. All these accounts did not, hoAC- 
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ever, inelude the early stages. An account of the development of the (oipside 
of Ceratodon purpureus Brid. by Kuntzeii (1913) eontributed some faets 
coiiceriiiiig the early stages of the development of the peristome of this moss, 
although he was mainly concerned with the capsule proper. 

The first and one of the few complete accounts of the embryonal develop- 
ment of a peiistome in the Bryales is the work by Evans and Hooker (1913) 
on Ceratodon pnrptireus, a single-peristomate moss. This account is divided 
into two sections, the first dealing with the development of the peristomial 
layers and the second with the deposition of the thickenings. They found, as 
had Kienitz-Gerloff and Knntzen, that a two-sided apical cell gives rise to 
two rows of semi-circular segments. After division by an anticlinal wall each 
pair of alternating segments forms a quadrant of cells. Further division by 
periclinal walls divides the quadrants into an endothecium of four cells and 
an amphitheeium of eight cells. By periclinal division of the amphitheeial 
cells, two concentric layers of eight cells each are formed, the inner of wliich 
becomes the “inner peristomial layer.” The cells of the outer amphitlieeial 
layer then divide auticlinally and perielinally forming two layers of 16 cells 
each, and the inner of these becomes the “outer peristomial layer.” The 
cells of this layer divide no further and the number of cells of which it is 
composed (16) determines the number of peristome teeth. The eight cells of 
the inner peristomial layer then divide by anticlinal walls in such a way that 
about three cells of this layer correspond to two cells of the outer, peristomial 
layer. The cells of the outermost layer divide by less regular alternating anti- 
clinal and periclinal walls so that about three layers are formed external to 
the outer 2 :)eristomial layer. The innermost of these layers is comi>osed of 32 
cells so arranged that two cells correspond with each cell of the outer peri- 
stomial layer. The walls upon which deposition takes place to form the peri- 
stome teeth are the ones between the outer and inner peristomial layers. Fur- 
ther details concerning the differentiation of the teeth which results iii their 
characteristic form and markings are fully discussed. Some consideration 
was also given to the statement made by Philibert (1888) that the peristome 
of a single-peristomate moss is homologous with the inner peristome of a 
double-peristomate one. 

Since the work of Evans and Hooker, a few contributions have ap- 
peared dealing rvith other groups. For the purpose of determining the rela- 
tionship of the Dawsoniaeeae to the Polytrichaceae, Goebel (1906) investi- 
gated the peristome in Dawsonia. His conclusion that the anomalous peri- 
stome of this moss is fundamentally of the same type as in the Polytrichaceae 
has not, however, been generally accepted. For a similar purpose Goebel 
(1930) also investigated the development of the peristome in Diphyshm 
foliosum Mohr, and Buxiaumia indusiata Brid. His conclusion was that the 
types of peristome present in these mosses indicate^ no close relationship to 
the Polytrichaceae as had been formerly supposed. 
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Working* siniiiltaiieouslv but independently van der Wijk (1929) and 
' Lorcli (1931) made intensive investigations on the developinent of the peri- 
stome of Folyi/richiim. An additional eontribiition to the same genus has 
been made by Wenderoth (1931). Since the type of peristome present in 
Polytrichufn has little in common with the type discussed liere, a review of 
their eontribiitions is not considered necessary. 

In the work of Lorcli, mentioned above, is also a brief eontribution deal- 
ing with the peristome development of Mniiim cuspuFitim^^^^ Leyss., a double- 
peristomate moss. While the early stages are not included, the development of 
the peristome of this moss up to the stage of the actual differentiation of the 
peristome teeth, may be said to be essentially the same as tliat of Cerafodon 
piirpureus as described by Evans and Hooker. However, since Mniiini has a 
double peristome the actual formation of the teeth is quite different from 
that in Ceratodon. The walls upon which the deposit takes place to form tlie 
outer peristome are those between the ''outer peristomial layer of Evans 
and Hooker in Ceratodon and the next outer layer of twice as many cells. 
The inner peristome is formed from the slightly tliickened walls between the 
"outer peristomial layer’’ and the "inner peristomial layer.” In other 
words, the peristome of Ceratodon purpurens develops from the walls which 
are, with reference to their position, the same as those ^vhieh develop into the 
inner peristome of Mnium cuspidatum. This fact recalls to mind tlie state- 
ment made by Philibert, mentioned above, eoneerning tlie iiomology of the 
inner peristome with the peristome of a single peristomate moss. Since in 
the formation of the double peristome in Mnkim cuspklaium three layers of 
cells are involved, Lorch has modified the concept of the peristomial layers 
as understood by Evans and Hooker. He prefers to c'onsider tlie innermost 
peristomial layer which contributes to the secondary thiidcening of tlie inner 
peristome as of a different type from the two succeeding outer layers which 
he designates as the true ("echte”) peristomiar layers. 

The most recent work on the embryonal development ot‘ tiie jieristome is 
that of Smith (1938) on Fmiaria Jiygronietriea. This differs from previous 
work done on this species in that the early stages are included. 

The first study of the development of the minute structui-e of the peri- 
stome and its chemical composition w-as made by Derschau (1900). He con- 
eluded that the thickening of the cell wall is by apposition brought about 
through the activity of both cytoplasm and the nucleus. Cytoplasmic activity 
governs the first deposit which is largely cellulose and pectin. Laler deposits, 
which are governed by the activity of the nucleus, show a strong reaetioii 
with sphagnol which, he coneliided, is related to hygroscdpic activity and 
antiseptic property. In the work on the peristome of Mniion ciispida^^^ 
Lorch gave considerable attention also to its minute structiu^e. 

So far as is known no work has previously been done on the peristome 


1941] 


BLOMQIJIST AND ROBERTSON ; PERISTOME OF AITLAGOMNIUM 


573 


development in Aiilacomniiim Jieterostichum, However, Lantziiis-Beiiing'a 
fig ui eel tians\eise and longitudinal sections of tlie niatiire peristome of 1. 
pain sire ScliwaegT. (Tab. 62, Figs. 22, 23). 

MATERIALS AND METHODS 

Aiaacomnium Jieterostichum (Hedw.) B. and S. is a eominon moss in the 
vicinity of Dnrliam, North Carolina on shaded river bluffs, associated with 
other mosses, such as Bartramia pomiformis Hedw., Cirriphyllum Bosen 
(Schivaegr.) Grout, Fissidens cristatus Wils., and Ilypmim moUuscum 
Hedw. It is often found growing at the base of trees but it is not confined to 
this habitat. It is a spring-fruiting perennial which, like other such mosses, 
produces the sex organs in the spring nearly one year before the sporophyte 
reaches maturity. Fertilization takes place in the late spring. There seems to 
be little development of the embryonic sporophyte during the summer 
months. The sporophytes are first visible with a hand-lens in November. In 
North Carolina the most impid growth of the sporophyte takes place during 
the late winter and early spring. Mature sporophytes are to be found about 
the middle of April. The peristome is double, consisting of an outer row of 
sixteen 'Cirticidate’^ teeth and an inner with alternating segments between 
wdiich are located from two to four well developed cilia. According to the 
modern systems of classification, its taxonomic position is in the sub-class 
Bryales, order Eubryales Acrocarpi, and family Aulacomniaceae (Dixon 
1932). 

Plants were collected wdien the young sporophytes were first visible with 
a hand lens. The succeeding collections were made about two weeks apart 
until spring when collections were made at shorter intervals. Both transverse 
and longitudinal serial sections were made of the different stages of the 
developing capsule. 

DEVELOPMENT OF THE PERISTOMIAL LAYERS 

The early stages in the development of the sporophyte of Aulacomnium 
heterostiehum are essentially the same as in all the Bryales which have been 
investigated. From the two-sided apical cell, diagonal cell walls cut off alter- 
nately semicircular segments (fig. 9). As division continues, the vmlls sepa- 
rating the older segments are bent down to a horizontal position, leaving the 
portions belo^v the point where they join in a more or less vertical position 
(fig. 9). A transverse section of a very young sporophyte, or the tip of an 
older one, appears as a divided circle (fig. 1). Very soon, however, the alter- 
nating semicircular segments are divided radially by vertical avails result- 
ing in a puadraht of cells ill transverse view (figs. 2, 3). The cells of these 
quadrants are then divided by curved anticlinal walls into eight cells (figs. 
4, 5) . While there is some variation in the way these walls come in, the result 
is alwa^' S the same. ^ 
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Tlie next step is perielinal divisions of the eight cells in siicli a way that a 
square of four cells is formed in the center surrounded by a layer of (a'u'lit 
cells (fig‘. 6). The central group of four cells is the eiidotheciiim and tlie outer 
layer of eight cells the ainphithecium. These two groups of cells are the fun- 
damental embryonic layers in the sporophyte of mosses. Below the region of 
the operculum, the endothecium gives rise to the columella, the inner spore- 
sac, and the archesporiuin ; the ainphithecium gives rise to the outer spore- 
sac, the air spaces and the outside layers of the capsule proper (fig. 20). In 
the region of the operculum the endothecium consists of undifferentiated 
cells representing extensions of the regions in the capsule proper, but the 
ainphithecium gives rise to the peristomial layers and the operculum. Since 
this paper is concerned mainly with the peristomial layers, not much atten- 
tion will be given to the rest of the capsule. 

Further development from the fundamental e^jibryonic layers as shown 
in figure 6 proceeds with striking regularity in the three planes. Since the 
most important developnient takes place radially, most attention has been 
devoted to transverse sections. The regularity in development has tAvo 
aspects. First, when a cell in a certain pericentral layer divides in a certain 
plane, all cells in that layer cliAude in the same plane at about the same time. 
Second, there is a regular alternation betAveen perielinal and anticlinal 
divisions. That is, after a cell has dmded perielinally the outer of the tAvo 
daughter cells divides anticlinally. The result is that any layer of cells in 
the amphitheeium has tAviee as many cells as the next inner layer. This regu- 
larity of cell division AA^as called by Goebel the ^^Grundquadrat” or '‘funda- 
mental square’’ method. As Avas pointed out by Kienitz-Gerloif, since all 
layers develop with this regularity of cell division from an original group 
of four cells, the result is that the number of cells in each pericentral layer 
AAull be a multiple of four. Furthermore, since the number of peristome teeth 
depends upon the number of cells making up a certain peristomial layer, the 
number of peristome teeth aauII also be of this series of numbers. 

Going back to the fundamental embryonic layers, development is seen 
to proceed from them first by perielinal dmsion of the cells in the amphi- 

Explanation of figures 1-19 

All figures have been drawn with the aid of a camera liicida at the following raagiii- 
fications : figures 1-25, x 415 ; figures 26-28, x 155. 

The following abbreviations are used: OL, opercular layer; OPL, outer peristomial 
layer; PPL, primary peristomial layer: IPL, inner peristomial layer; SL, spore layer. 

Figs. 1-6. Successive stages in the development of the endothecium and amphitlieciiim. 
Pigs. 7-8, 10-12, 14-17. Successive stages in the development of the peristomial layers. 
Fig. 9. Ldiigitiidinal section of a tip of a young sporophyte. Fig. 13. Longitudinal sec- 
tion of an immature peristome. Fig. 16. Transverse section of a peristome just before 
commencement of secondary thickening. Fig. 18. Commencement of secondary thickening 
of cell walls forming the peristome in the region of the annulus. Fig. 19. Advanced stage 
in the ditferentiation of the peristome. 
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tlieciuni, resulting* in two concentric layers of eight cells each (figs. 7, 8). 
The cells of the outer layer next divide anticlinally giving rise to 16 cells 
(fig. 10). This is followed by periclinal divisions in this layer giving rise to 
two concentric layers of 16 cells each (figs. 11, 12). Again the outer of these 
two layers divide anticlinally so that 32 cells are formed and these are 
divided periclinali.y into two outermost layers of 32 cells each (figs. 14, 15). 

At this stage (fig. 15) the ainphitheeium is, therefore, composed of four 
concentric cell-layers. These layers will be referred to respectively, starting 
from the inside, as the inner peristomial layer (TPL), the primary peri- 
stomial layer (PPL), the outer peristomial layer (OPL), and the opercular 
layer (OL). 

In the inner peristomial layer, which was originally composed of eight 
cells, the number of cells has increased by anticlinal divisions (fig. 15). The 
method of cell division and the ultimate number of cells in this layer will be 
discussed later. Since this layer contributes to peristome formation it was 
called by Evans and Hooker the ''inner peristomial layer” and for tlie same 
reason has been so designated in this discussion. 

The primary peristomial layer is composed of 16 cells which divide no 
further. They enlarge rapidly and their inside walls soon become distinctly 
convex (figs. 16, 17). This is, therefore, the first peristomial layer to appear 
conspicuously different from the other layers. For this reason and because, 
as will be shown later, the number of cells of which it is composed determines 
the number of teeth, it seems desirable to designate this layer as the primary 
peristomial layer. The cells of which it is composed will be referred to as the 
primary peristomial cells. This layer was called the "outer peristomial 
layer” by Evans and Hooker and the inner of the two "eehte” peristomial 
layers by Lorch. 

The cells of the outer peristomial la^^er are 32 in number and they divide 
no further. Their enlargement is almost entirely in a tangeiitiar direction. 
The cells of this layer also contribute to peristome formation, and for this 
reason it is called the outer peristomial layer. It is the outer of the two 
"echte” peristomial layers of Lorch. Since this layer does not participate in 
peristome formation in a siiigle-peristornate moss such as Ceratodon, it was 
not given any special designation by Evans and Hooker. 

The opercular layer, which at this stage consists of 32 cells, does not 
contribute to peristome formation. As in Ceratodon and other genera investi- 
gated, the cells of this layer continue dividing b.Y a less regular alternation 
of periclinal and anticlinal divisions than is exhibited by tlie cells of the 
other layers, resulting in the formation of about three layers external to the 
outer peristomial layer (fig. 17). The outermost one of these differentiates 
into the operculum. 

It must be realized, of course, that in the development of the sporopliyte, 
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growth soon ceases in the apical embryonic region, leaving the tip conical 
in form. This is partly responsible for the triangular shape of the peristome 
teeth. 

THE DEVELOPMENT OF THE INNER PERISTOME 

The inner peristome, also called the endostome, develops from the cell 
walls between the inner and the primary peristomial layers. As was stated 
above, the original eight cells of the inner peristomial layer at a certain 
stage (fig. 15) commence dividing anticlinally. The first division is iisnally 
such that one of the daughter cells is smaller than the other (fig. 15). The 
larger of the two then divides so that from the original cell three cells are 
formed Avhieh subtend two cells of the primary layer. This is exactly what 
Evans and Hooker found in Ceratodofi lyurpuretis but with this important 
di.fference, that in Geratodon division goes no further while in Aiih/crrm/Riam 
heterostichiim division continues until eight or nii?e cells of the inner peri- 
stoinial layer subtend two,^f the primary (figs. 16, 18, 19). In Mnkm cmpk 
datum ^ Loreh found a similar arrangement. In Fimaria hygrometrica, Smith 
shows only four cells of the inner layer subtending two of the outer. How- 
ever, in the illustrations of this species given by Lantzius-Beninga (Tab. 63, 
Figs. 25, 27) tlie number varies from four to six, apparently depending upon 
the level of tlie operculum at which the sections are made. 

As shown above, the inner walls of the primary peristomial cells become 
distinctly convex (fig. 17). The cause of this convexity is no doubt a combi- 
nation of growtli factors. Perhaps the most important of these is the forma- 
tion of a larger number of cells subtending one primary peristomial cell in 
the inner peristomial layer than is formed in the outer peristomial layer. This 
at least partial explanation is supported by the fact that in such forms as 
Geratodon and Fwriaria, in which the number of cells in the inner and outer 
peristomial layers subtending one primary peristomial cell is about the 
same, little or no convexity is exhibited by the primary peristomial cells. 
Other factors may be the position of the radial walls of the inner peristomial 
layer with reference to the radial walls of the primary peristomial cells, and 
the higher turgor pressure of the primary peristomial ceils than that which 
obtains in the cells of the inner peristomial cells. One result of this convexity 
is the formation of wedge-shaped cells in the inner peristomial layer between 
the primaiy peristomial cells. The two walls of these wedge-shaped cells con- 
tiguous with, portions of the inner walls of the primary peristomial cells 
form the/ ^keels’ ' of the segments " of the inner peristome (figs. 16, 18, 19). 

The eommencement of deposition in the differentiation of the inner 
peristome is indicated b,y the migration of cytoplasm and nuclei of the inner 
peristomial layer toward the outer walls of these cells (figs. 16, 18, 19). 
Little if any secondary thickening apparently takes place on the eontigiious 
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inner walls of the primary peristomial cells. The deposit of the iimer peri- 
stome is scanty and of liomogeneons structure except in the upper portions 
where it is distinctly spicular (fig. 23). In the lower half of the inner peri- 
stome the deposit is continuous between the tangential walls, and the vertical 
rows of walls of this portion do not, therefore, separate. This basal portion 
of the inner peristome is known as the “basilar niembrane” (fig. 28). In the 
upper half, however, no secondary tliickening takes place at the junction of 
the tangential walls, which therefore separate in vertical strips except at 
the tips of the keels (figs. 23, 28). The narrow vertical strips between the 
keels are the “cilia,” which vary in Aulacomnium heferosficlitim from two 
to four. No pores develop in the segments of this species like tliose noted by 
Lorch in Mniiini cusindatum. 

On the outside of the lower half of the endo.stoine, rows of curious button- 
like elevations are to bg seen along the vertical walls between the radial 
horizontal walls (figs. 19, 28). So far as knoAvn these elevations Inu'e not been 
noted before in this or any other species. 

THE DEVELOPMENT OF THE OUTER PERISTOAIE 

The outer peristome (the exostome) develops from tlie walls betweei.i 
the i^rimary peristomial cells and the cells of the on ter |)eristomial layer. 
It will be recalled that each primary peristomial cell subtends two cells of 
the outer peristomial layer. Here, as in the inner peristome, the first iiidica- 
tion of secondary tliickening is the migration of the cyt{)])ias]u and the nuclei 
toward the walls on which deposition will take jilace. Sinre in tliis case 
deposition takes place on both walls, the cytoplasm and nuclei in the primary 
peristomial cells move outward and in the outer peristomial layei- tliey move 
inward (fig. 18). The deposit made by the primary peristomial cells is 
copious and, as observed by Lorch in Mnium ciispidafiinK quite liomogeneons 
in structure although somewhat stratified (fig. 19), This deposit is not con- 
fined to the tangential walls but extends considerably over the liorizontal 
radial walls as seen in figure 13. The large size of the niudei in this figure 
indicates incipient disintegration. The deposit on the outside ot' the outer 
peristome is of an entirely different structure from that on tlie inside, being 
distinctly spicular (fig. 19). The same types of deposit were also noted by 
Lorch in Mnium ciispidatiim. A longitudinal section through a mature tooth 

Explanation of figures 20-28 

Fig. 20. Longitudinal section of a young capsule sliowing ndatiou of pt-ristoniial lay- 
ers to tlie outer regions of tlie capsule proper. Fig. 21. Longitudinal section of the basal 
region of the peristome. Fig. 22. Transyerse section of the ijasal region of the peristome. 
Fig. 23. Transyerse section of upper region of nearly mature piu'istonie. .Fkj. 24 . Outside 
view of portion of outer peristome. Fig. 25. Inside view of portion of outer peristome. 
Fig8. 26-27. Inner and outer views respectively of an outer peristome tootli. Fig. 28. 
Portion of inner peristome viewed from inside. 
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is shown in figure 21. In Ceratodon piirpureus Evans and Hooker found 
that the deposits on the two sides were essentially the same except that it 
was thicker and less uniform on the outside. In Ceratodon the early deposit 
is homogeneous but the later deposit is distinctly spicular on both sides. 
Since no deposition takes place at the junction of tlie vertical radial walls 
separating the primary peristomial cells and the wTills of the outer peri- 
stome, except at the base, the peristome teeth separate at niaturity. 

As seen in figure 21 the peristome extends a eonsiderable distance below 
the annulus. For a distance of about three cells from the base the deposit 
is the same on both sides, being homogeneous in structure. Between this 
portion and the cells of the operculum is a group of cells with somewhat 
thickened cell walls which apparently supports the peristome and acts as 
a hinge. 

In the basal part oBthe outer peristome the deposit is continuous on 
both, sides from tootli to tooth (fig. 22). This continuity of (le})osit decreases 
upward so that at the tip of the teeth it occupies onl\' a .narrow sti‘i|> iii the 
middle of the tangential cell walls (fig. 23). This eoiidition contribiites to the 
triangidar shape of the teeth. 

I Since the form and markings of the peristome ai’e of taxonomic irnpor- 
I tance it might be profitable to show their developmental relationship. Look- 
ing at the outside of a mature peristome tooth it will l)e seen tiiat it is divided 
down the center by a somewhat zigzag line from Avliich aiternatiiig lines 
extend out horizontally to the margins (figs. 24, 27). Tliese lines represent 
the bases of the cell Avails of the outer x)eristomial layer in AvhiclL it Avill be 
recalled, tAvo cells subtend one cell in the primai*y ]>eristomial laA'er. The 
margins shoAV a narroAV transparent strip due to the sparsity of secondary 
thickening along the edges. The inside vicAv of a pei*istome tootli shows the 
absence of a vertical median line because tliis Avail is onl>^ one reW wide. The 
horizontal lines represent, of course, the remnants of the horizontal radial 
Avails (figs. 25, 26). In the upper portion, the outside mediaii line may be 
visible because of the spai*sity of secondary tliickening in tins portion. 

The portion of the inner xieristome Avhieh extends betAA’een tAVO keels is 
subtended by one outer peristome tooth (fig, 28). Since the Avail making up 
the outside of this portion of the inner ]ieristonie is the inner Avail of a pri- , 
maiy iieristomial cell, the markings will eorres])(>nd Avith those of the inside 
of the outer peristome tooth. HovA^ever, owing to the hu-k of secondary thick- 
ening on this side, the cell outlines are vmry faint. The inside of the inner 
per.istome shoAA'S from three to five A^ertieal lines Avhich reiirescfit the bases 
of the vertical radial cell AAmlls. The horizontal lines re]>resent the transAUirse 
radial AAmlls. Oeeasionally extra lines ajApear Avhieh indicate irregularities in 
cell diAusion. 
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DISCUSSION 

In comparing the various accounts on peristome development, it is obvi- 
ous that there are some differences of interpretation. These differences are 
concerned mainly with (1) the position of the inner peristomial layer with 
reference to the endotheeium and (2) the relation of the peristome of a single 
peristomate moss to that of a double one. 

Van der Wijk (1932, p. 34) in referring to Lantzms-Beiiinga s figure 
of Hypnum silvatimm (Tab.. 65, Fig. 30) interprets the walls which develop 
into the inner peristome as the borderline between the endotheeiimi and 
amphitheeiiini. The siiiiilaritv betw^een the mature peristome of this species 
as shown by the above figure and Aiilacomnium heterostichum would indi- 
cate that this is a misinterpretation. From all the accounts which have in- 
cluded the early stages of development, it is clear that the walls which form 
the inner peristome are between the first and the second cell layers outside 
of the endotheeium. 

Anotlier interpretation somewhat similar to the above was made by Lorch 
in discussing Blnium cmiMaiiim (p. 249). He considers the position of the 
i.nner peristome as the outside limit of the columella. Since the outside limit 
of the columella in the region of the capsule is several cell layers within the 
cell layers which, projecting up into the region of the opereuriim, develop 
into the inner peristome, it is confusing to consider the limit of the columella 
as forming the inner peristome. Of course it is possible that his interpreta- 
tion of the columella is different in the two regions. 

In the account of the development of the peristome of Ceratodon pur- 
pureus, Evans and Hooker clearly show the relation between a single peri- 
stome and a double one. In all the cases investigated a single peristome 
develops from the walls between the innermost layer of cells of the amphi- 
thecium (IPL) and the next outer layer which in the present paper has been 
designated as the primary peristomial layer’’ (PPL). Smith. (1938, p. 
101), however, in comparing the peristome of Fimaria with that of Cera- 
todon, apparently misinterprets the position of the peristome of the latter, 
although his statement is not clear. He says: Other genera, as Ceratodon, 
have a thickening of outer tangential walls only in the outer layer of the 
peristome.” • " 

To avoid confusion in interpretation it is suggested here that the same 
terminology be applied to the peristomial layers in both. Haplolepideae and 
Diplolepideae. This is possible because from the evidence gathered from all 
accounts dealing with typical forms belonging to the Bryales, the peristomial 
lawyers are similar and have the same relative position in both the single- and 
double-peristomate forms. The principal variation is in the number of cells 
composing the layers, and in the number of cell-layers outside of the peri- 
stomial layers wdiich, however, may vary to some extent at different levels 
of the operculum. 
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The conelusioii of Philibert that a single peristome is homologous with 
the inner peristome of a double one seems to be true for the forms so far 
investigated if homology refers only to the primary cell walls. However, if 
our concept of homology includes the secondary thickening, which is after 
all the most important feature in peristome differentiation, his statement 
becomes only half true. According to Evans and Hooker both the inner and 
primary (the ‘'outer’') peristomial cell layers contribute to secondary thick- 
ening in a single peristome but in a double one, such as that of Avlacom niuni 
lieAerosticliw only the inner peristomial layer contributes to the inner 
peristome. 

The regularity of cell division and its significance in the development 
of the peristomial layers has been emphasized in this aeeount as in all previ- 
ous ones. That there is a striking regularity is undoubtedly true, but excep- 
tions occur. Van der Wijk in his work on Polyfriehum observed irregulari- 
ties which even altered the number of teeth froiiji the usual number of 64. 
In Aulaconmium heterostichuni also some irregularities occur. As mentioned 
above, irregularities appear in the formation of the layers outside of the 
l^eristomial layers. The result is that the number of tliese layer's varies to 
some extent vertically and the number of cells of which each is composed 
may not conform to the results expected from tlie fuiidainental square 
method. Even in the formation of the peristomial layers sliglit variations 
may occur. As is shown in figure 12 an anticlinal division may be occasion- 
ally duplicated in a corresponding cell of the next inner layer. Also anti- 
clinal or pericliiial divisions may take place out of turn centrifugally (fig. 
15) but, so far as has been observed, the final result is alwac's tlie same. In 
no instance has the number of peristome teeth been found to vary from the 
usual number of 16. In the inner peristomial layer, considerable variation 
takes place in all three planes. The most important of these variations con- 
cerns the number of vertical radial walls in the upper |)orti(>u. Tlie result is 
that the number of cilia varies from two to four. Tliis fact is of some impor- 
tance since they often enter into taxonomic coiisideratioiis. 

SUMMARY 

1. The peristome of Aiilacomninm heterostielwm originates from the 
outer of the two fundamental layers in the opercular region of the sporo- 
phyte. This layer, which is called the amphithecium, is originally composed 
of eight cells. 

2. By a regular alternation of perielinal and anticlinal cell divisions the 
amphithecium develops into six coneentrie layers, each of which has twice 
as many cells as the next inner layer. The number of cells in each layer is 
a multiple of four. 



J BLOMQUIST AND ROBERTSON: PERISTOME OP AULACOMNIUM 58;] 

3. The double peristome is formed from the three iiiueriuost cell layers 
of the aniphitheeium, 

4. Differentiation is initiated by the enlargement of the 16 cells of the 
middle of the three peristomial layers. Since the cells of this layer coiitribiite 
more than those of the other layers to peristome forniatioii and their jiumber 
deterniiiies the number of peristome teeth, it is called the pTwuiTy p€risioM€ 
layer, 

5. The layer outside of the primary peristomial layer, whieli also eon- 
tributes to peristome formation, is called the outer peristomial layer. Two 
cells of this layer subtend one cell of the primary peristomial layer. 

6. The innermost layer contributes to the formation of tlie inner and is, 
therefore, called the i/tmer peristomial layer. Since this layer is ultimately 
composed of from 64 to 72 cells, eight or nine cells of this layer subtend one 
cell of the primary. 

7. The outer peristome is formed from a deposit of cell wall material 
laid down on the outer tangential cell walls of the primary peristomial layei* 
contiguous to another deposit laid down on the inner tangential walls of tlie 
outer peristomial layer. The deposit on the inside is homogeneous while that 
on the outside is spicular. 

8. The inner peristome is formed from the original inner tangential 
walls of the cells of tlie primary peristomial layer and the contiguous outer 
tangential Avails of the inner layer. Only the cells of the inner peristomial 
layer contribute a deposit to the inner peristome. 

9. The keeled condition of the segments of the inner peristome is due to 
the convexity of the inner Avails of the primary peristomial layer. 

10. OAviiig to the lack of deposit at the junction of the radial and tan- 
gential Avails in the upper region of the inner peristomial layer, strips of 
cell plates se|)arate to form from two to four cilia. This variation in the 
number of cilia is due to the variation in the number of cells in the inner 
peristomial layer subtending one cell in the primary. 

11. The development of the peristome in Aulacomnmm heterostichum 
is compared Avith the development of the peristome of other genera of mosses 
investigated. 

12. The peristome of a singie-peristomate moss develops in the same posi- 
tion Avitli reference to the cell layers as the inner peristome of a double- 
peristoinate moss. 

13. It is suggested that to avoid misinterpretation the same terminology 
be applied to the peristomial layers in both the single- and double-peri- 
stomate mosses. 

14. Some of the irregularities in peristome development are discussed. 

Ill eonelusion the authors Avish to acknoAvledge Avith deep appreciation 
that in the preparation of this manuscript Dr. LcaaIs E. Anderson has ren- 
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dered valuable assistance in offering encouragement, coiistriietive eriticdsiii, 
and many helpful suggestions. 

Duke University Department op Botany, 

Durham, North Carolina 
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STUDIES ON THE EMBRYO OF HORDEUM SATI¥UM I. 

THE DEVELOPMENT OF THE EMBRYO 

James Merry 

( WITH FORTY-TWO FIGURES ) 

INTRODUCTION 

Studies on tlie morphology of grass embryos have been based on observa- 
tions either of embryos in early stages of development or of embryos and 
seedlings of mature seeds. In the first the gross morphological development 
was described and in the second the vascular anatomy of the embryo was 
given. The object of undertaking the work presented liere was to describe 
the development of the embryo from the time of tiertilization to the matura- 
tion of the ovule into a seed, and to give not only the developnient of the 
gross differentiation buf that of the internal differentiation as well. To ac- 
complish this a conventional histological study was made of the normal 
embr.YO at daily stages of development, and in addition the study of the 
vascular differentiation was aided by the use of the teeimique of growing 
excised embryos on an artificial medium. 

When w'hole embryos are grown on an artificial medium small plants 
resembling seedlings are produced. The cells of the embryo which are poten- 
tially vascular tissue become more clearly differentiated in the cultured 
plant. Because of tin's vascular differentiation the cultured plants were found 
useful in studying the developnient of the normal embiyo. The more de- 
veloped the embryo is, the greater is the amount of internai differentiation 
in the plant grown from it. Thus the cultured plants show the potential dif- 
ferentiation which is not clearly visible in the normal embryos. 

HISTORICAL SURVEY 

It is proposed to give the historical origin of some of the terms eoirimoiily 
used ill reference to grass embryos and to summarize the controversial views 
regarding grass embryo morphology for the benefit of those who may not be 
familiar with the extensive literature. For more detailed reviews of certain 
phases of embryo morphology the reader is referred to Van Tiegiiem (1872), 
Bruns (1892), Avery (1930), Randolph (1936), and McCall (1934). 

According to Van Tieghem (1872) and others the earliest description of 
the embryo of grasses is that by Malphigi in 1687 of the embryos of Avema 
and Triticumy in structures now known as the 

sciitellum, epiblast, and coleoptile. Gaertner has been credited with the first 
use of the term scutellum which is still commonly applied to the shield- 
shaped Structure characteristic of the grass embryo, Richard in 1813, aeeord- 
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ing to Van Tiegliem (1872), originated the term blast for that part of the 
embryo which becomes the stem of the plant, and from this he developed the 
term hypoblast for the scutellnm. The small projection found on the outer 
face of some grass embryos was correspondingly called the epiblast, a term 
which is still in common use. The term blast itself has been displaced in 
English plumule. Eichard used the term cotyledon for the sheath around 
the blast, which Van Tieghem (1872) said was first given the present name, 
coleoptile, by Mirbel in 1815. The lower portion of tlie embryo lias received 
less attention than the parts mentioned above, since there is little question 
about its homologies. The term radicle is used for that part of the embryo 
which becomes the primary root, and the surrouiidiiig tissue is called the 
coleorhiza. The term seminal roots has been used to include the radicle or 
primary root and any other roots present in the embryo. The argument o\'er 
the homology of the seuteyum has caused much difference of opinion as to 
what the region between the coleoptile and tlie seutellum actually is. In 
embryos such as those of Avena or Zea- this region is of considerable extent. 
Van Tieghem (1872) considered that this was the node of the seutellum but 
later changed his views on the homologies of the embryo and called this re- 
gion an internode (1897) between the seutellum as one leaf and five coleoptile 
as a second, as had Bruns in 1892. Celakovsky (1897) introduced tlie term 
mesocotyl for this part of the embryo because of his coiicliision that the 
scutelliim and the coleoptile together made up the eotyledon. Tlie term meso- 
cotyl has been commonly used, though the term '‘first internode’' is now 
used by many workers who are interested in the growtli of this ])art of the 
Avena seedling and who consider the scutelliim and tlie coleo])tile to be 
separate leaves. 

The most debated points in tlie morpliology of the grass endiryo are the 
homologies of the seutellum, epiblast, and coleoptile. on viiich there seem to 
be three main views. The first considers tlie seutellum to lie tlie first leaf, tliat 
is, the cot 3 dedon of the embrvo, and the coleoptile to be the first leaf of the 
plumule. The second view holds that the coleoptile is tlie cot.vledon and that 
the seutellum is an outgrowth of the radicle or stem. The tliird ^'iew is that 
the seutellum and the coleoptile together make up the first leaf, that is, the 
eotyledon. A variation of the first view is that the seutellum is the first leaf, 
the epiblast the second leaf, and the coleoptile tlie tliird leaf of the plant. 
The papers alread.y cited give a more complete dei'elojmient of these views. 

The earh" studies on the formation and development of the enibiyo were 
based mostly on observation of whole embrvos. Norner (1881) studied the 
early divisions of the z^^gote and proembrvo of Horde lan, Arcac, Triiicuni, 
and Secale by dissecting out whole embryos and mounting them in glycerine 
for observation. The oldest stages of which lie gave figures were just begin- 
ning to show gross diflerentiation. He attempted to (fiassifv the arrangement 
of the cells according to fhe maimer in which they divided, but the irregu- 
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larit}" of tile arrangement as shown by his figures would not seem to warrant 
this. Celakovsky (1897) showed five stages in the development of the upper 
part of the embryo to prove that the coleoptile is part of the seutellum. He 
did not identify the drawings by species, but stated that they were for the 
most part after Hanstein’s figures. 

Soueges (1924) traced the parts of the fully developed embryo of Foa 
annua back to the tiers of cells in the sixteen-celled proembryo. He also in- 
dicated that there was a definite arrangement of the cells and a regular 
sequence of cell divisions in the development from the fertilized egg. He 
maintained that the parts of the embryo are determined at least as early as 
the sixteen-celled stage. Randolph (1936) has given the only eomplete de- 
scription of the development of a grass embryo in which the age of the vari- 
ous stages Avas determined. In the development of the embryo of Zea. he 
found that there was no definite arrangement o§ the cells nor any regular 

sequence of divisions in the early stages. 

1 ' 

MATERIAL AND METHODS 

Hordeuni sativum L. was chosen for this wnrk because it is easy to grow 
in the greeiihouse and a relatively large number of grains of the same age 
can be obtained from one head. Also, embryos of Hordeum varying as little 
as one day in age show recognizable morphological differences. A variety 
alpha, obtained from the College of Agriculture, Cornell University, was 
used for the work presented here. All the plants from which material was 
taken were grown in the greenhouse both in winter and summer. 

The heads of the plants were examined several times a week and were 
tagged when the anthers had split. Tavo florets were fixed at this time and 
sectioned to determine when fertilization had occurred or would occur. At 
a selected time after tagging a head was picked and two or three ovules fixed 
for the study of normal development. All material fixed in a solution of 
50 per cent alcohol, 6 per cent formalin, and 6 per cent acetic acid. The nor- 
mal embryos large enough to be remoA^ed from the oAuiles and plants cul- 
tured from the embryos Avere cleared and mounted in xylene in deep Avell 
slides and studied as temporary mounts. Camera lucida draAAungs Avere made 
from these mounts for record purposes. This material AA^as of course taken 
into paraffin from the xAdene. The rest of the material Avas run up to paraffin 
from the fixing solution by a short dioxane series. Sections 10 p thick AA^ere 
made of the embedded material and stained in safranin and DelafiekUs 
haematoxylin. Measurements AA^ere made AAdtli an ocular micrometer both 
from tempoimry moinits ancl sectioiis. 

DESCRIPTION 

In presenting the development of the embryo the various parts are 
treated separately except for the early stages or that phase of the deA'Clop- 
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meiit usually referred to as the proembryo. The differentiation of each strii(3- 
tiire, the manner in which it develops, and the differentiation of its vascular 
system are described. Also the vascular conneetioii betAveeii tlie priniar 3 ^ root 
and the rest of the embryo is traced. 

Proem^ryo, Within the first two days after fertilization the first tivo 
divisions of the zygote occurred (figs. 1, 2, 3). The first was at right angles 
to the long axis of the oiaile and the second occurred in the apical cell and 
was at right angles to the plane of the first division. After this tliree-eelled 
stage the divisions seemed not to take iilace in aiiA^ definite sequence or ai‘- 
rangement. By the third day the proembryo was made up of from 10 to 15 
cells (fig. 4) and by the fourth of about 50 (fig. 5). Tlie rate of division re- 
mained constant for seA’^eral days, as determined b\^ counting the number of 
cells in embryos of different ages. During the first seven tlays (figs. 1-8) no 
differentiation ivas observed except tliat the size of cells at the tip <liminished 
and the cells divided more rapidly than those at thf base. xVt tlie same time 
the proembryo became eliib shaped and tapered to a iioiiit at the base. About 
eight days after fertilization (fig. 9) the upper part of the enibryo began to 
differentiate in outline so that the part which was to become tlie scutellum 
(fig. 9 sc,) was distinguishable. A swelling on tlie face of the embryo in- 
dicated the initiation of the stem meristem (fig. 9 .s-f.), and above it the 
coleoptile began as a slight ridge (fig. 9 c.). 

Sctcfelluni. The portion of the eight-day-old embryo (fig. 9 se.) which 
developed into the seutelliim was 0.12 mm. long, 0.12 nmi. Avide, and 0.08 
mm. thick; the measurement of the length being arbitrarily made on the 
basis of comparison Avitli older embryos. The seutelliim of the f iiIIa^ developed 
embryo (fig. 28 sc.) Avas 2.6 mm. long, 2.2 mm. Avide, and 0.25 mm. thick. 
Coiisequenth' the developing seutelliim greAV someAvhat moi-e in length than 
in AAudtli, and the groAvth in thickness Avas slight in com pa risen to that in 
the other tAvo dimensions. The fully developed seutelliim Avas l(^ss than tAA'ice 
as many cells thick as the region from Avhieli it deAxdoped (figs. 36 and 42). 

No definite meristem was observed in the scutelluin, but most of the divi- 
sions seemed to occur in the layers toAvards the surface. Tiie loAver limit of the 
scutellum became clearly defined after about 13 days by an angle formed be- 
tween the back of the scutellum and the loAver side of tlie eoleorhiza, Avliieli 

Explanation of figures 1--26 

Eigs, 1-19. Longitudinal sections of embryos at daily stages from a fertilized egg to 
an embryo eighteen days oJd. 1-5 x 375. 6-9 x 165. 10-13 >. 54. 14-15 ..;4'U. 16-19 x 30. 
Fig. 20. Longitudinal section of an embryo twenty-one days old. x 30. Fig.-s. 21-2(5. Face 
views of whole embryos cleared in xylene; nine, ten, twelve, hfteeu, seveiitcHui, and twenty- 
eight days old respectively. 21-23 x 54. 24-26 x 17. c, coleoptile; eo, eoleorhiza; /y first 
leaf; P, second leaf; P, third leaf; .vc. seutelliim; scutellar bimdie; .s.r., seminal 

root ; st, stem meiisteni ; .s?/, suspensor ; ventral scah‘. 
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became more acute as the development proceeded (figs. 12-14) . The apex of 
the angle was coincident with the end of the endo.sperm which was undoubt- 
edly the cause of this distinct boundary between the .seutellnm and the 

eo'leorliiza. 

After 14 cla.ys perielinal divisions began to take place in certain cells in 
the ventral surface of the seutellnm so that a ridge (figs. 16 and 24 r.s.) was 
produced which formed an arc from one side of the base of the eoleoptile to 
the other side. This ridge finalty extended about five cells above tlie surface 
and has been called the ventral scale by other authors. 

From 10 to 12 days after fertilization the epidermal cells on the dorsal 
surface of the seutelliim, which is the surface in coiitaet witli the endosperm, 
appeared smaller than the internal cells or other epidermal cells (figs. 36 
and 37 ep.). On about the I6th day these cells began to elongate in tlie diineii- 
sion perpendicular to the»«surface and became rei'ognizable as tiie epithelial 
layer (figs. 38, 39, 41 ep.). In the fully developed mnbryt) these cells (fig. 42 
ep.), in which the cytoplasm was more opaque than in the other cells, were 
three times as long as those of the same tissue on the lOtli day (fig. 36 ep.) 
and were less than a tliird as wide. 

The epidermal ceils on the ventral surface of tlie sentelluin ^\’ithin the 
ventral scale increased in length parallel to the long axis of tlie embryo so 
that they were several times as long as wide (figs, 41, 42). Siiriilar epidermal 
cells outside the ventral scale were only slightly elongated (fig, 40). 

The bundles of the scutellum were differentiated, ten days after fertili- 
zation, as two strands of elongated cells (figs. 11, 29, sc.b.). The lines in figure 
11 are merely a diagrammatic outline of one bundle. Tliese bundles formed 
an S-shaped curve on a level Avith the base of tlie stem nnn-istc m in tlie 11- 
day-old embryo (fig. 12 sc.b.) and tlie inflections became more ])i*onouneed 
as the embryo developed (figs. 12-20, 28 sc.b.). The bundles (donga ted with 
the growth in length of the scutellum and branched toward tlu^ outer edges. 
The branches turned back toward the base of tlie scutellum. The bundles in- 
creased in thickness throughout the development (figs. 29-35 sc.b.) by an 

Explanation of figures 27-42 

Fig. 27. Loiigitudmal section of an embryo tweiity'eigbt days old. • MO. Fi<;, 2s. Lon- 
gitiidinal section of the embryo of a mature grain soaked for tweiily-four lican-s. x 30. 
Figs. 29-34. Cross sections through the stem meristem of emlayos twelve, tliirteeu, hfteen, 
sixteen, seventeen, and twenty-one days old respectively. 29-31 ■ 40. 32-34 '■ 30. Fk;. 35. 
Cross section through the stem meristem of the embryo of a mature grain soaked for 
twenty-four hours, x 30. Figs. 36-39, 41. Median longitudinal smOions of a cor res] Minding 
portion of the seiitellum witliin the ventral scale of embryos ten, twehx^, fifteen, eighteen, 
and twenty-one days old respectively, x 165. Fig. 40. Longitmlinal section of the vtnitral 
surface of the scutellum outside the ventral scale of the emlnyo of a mature grain soaked 
for twenty-four hours. X 165. Fig. 42. Median longitudinal section within the ventral 
scale of the scutellum of the embryo of a mature grain soaked for rwtaity-foiir hours. 165. 
e.l)., coleoptilar bundle; ep, epithelium; P, first leaf; second h‘af; V-K third leaf; sc, 
scnitelliun ; sc.b., scutelhir bmglle; 'C. a., ventral scale. 
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increase in tiie number of cells. Tlie pliloeni and xyleiii could not be distiii- 
giiished in tlie bundles of the normal embryos, but from the cultured plants 
it was found that even in the bundles of lOuhiy-old embryos some of the cells 
were potentially xylein and some phloem. Also from these plants it was 
determined that the bundles were collateral with the xyleni on the ventral 
side, as has been reported for other grass embryos. 

Coleoptile, Tlie eoleoptile was formed from the general region of the 
proembryo which also gives rise to the scutellum (fig. 9 c.) and first ap- 
peared as a crescent-shaped ridge above the stem ineristem (fig, 21 c,). This 
ridge was extended downward until it encircled the growing point and then 
grew out from the rest of the embryo as a sheathing tube. Tlie sides of the 
tube gradually approach each other so as to leave a narrow vertical slit or 
pore, through which the ^hoot emerges during germination. The side next to 
the scutellum grew faster than the otlier side so that the pore became located 
on the front side of the coleoptile (fig. 15 pore). In tlie later stages tlie ratio 
of the number of cells above and below tlie pore remained aliout the same. 

The bundles began to differentiate on about tlie lltli day opposite each 
other on the sides of the coleoptile (fig. 29 c.l).). The size of tlie bundles in- 
creased throughout the development of the embryo by an increase in the 
number of cells (figs. 29-35 c.h.). From the cultured plants it was determined 
that these bundles were collateral with the xylem on tlie side toward the 
center of the coleoptile. 

Stem ileristem. By going back through tiie stages of the developing 
embryo the region which was to become the stem ineristem was recognized 
seven or eight days after fertilization (figs. 8, 9 st.). It liegan as a swelling 
on the face of the embryo due to the higher frequency of eell di\’isions in that 
part. The cells were smaller than those of the surrounding ]>art of tlie embryo 
(fig. 9 st.). The size of the ineristem was eonstaut tliroughout the develop- 
ment of the embryo, tliough there was some variation at different points in 
each plastochron. 

On the 10th da^^ the first leaf primordiiiin was initiated (fig. 11 P), and 
the midvein of the first leaf began to difierentiate on about the 12tli day (fig. 
29 l^). In the embryo of the mature grain there were nine pairs of lateral 
bundles in the first leaf (fig. 35 Counting from the michann, pair four 
was dilferentiated on the 13th day (fig. 30), pairs t^vo and sevmi on the 15th 
day (fig. 31 Z^), pairs three and five on the 16th day (fig. 32), ])air one on the 
i7th day (fig. 33), and pairs six, eight, and nine on the 21st day (fig. 34 Z^). 

The primordium of the second leaf was first obseiw'ed in the 13-day-old 
embryo (fig. 14 /f). Its midvein began to differentiate on tlie 15th day (fig. 
31 Z“) . There -were three pairs of lateral bundles in the seimnd lea i' of the fully 
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developed enibyro (fig. 35 19 . Pair 2 began to differentiate in the IT-day-old 
embryo (fig. 33), and pairs 1 and 3 in the 21-day-okl embryo (fig. 34 P). 

The primordimn of the third leaf appeared on about the 16th day (fig. 
17 P). The midvein of this leaf differentiated on the 21st day (fig. 34 7*), ami 
no other bundles were formed in the third leaf in the normal deTClopraent of 
tlie embryo (%. 35 P), 

Boot System. The primaiy root primordium beg'aii to develop about 10 
da^^s after fertilization (figs. 11, 22 p.r.). In the eiiltiired plants the primary 
root had eight strands of protoxylem alternating with eight strands of 
phloem as did the other roots formed in the embryo. The number of cells 
in each strand increased with the age of the embryo, and the cortex of the 
roots also inereased in thickness. The first pair of seminal roots began to 
difEerentiate on the 12th day (figs. 13, 23 s.r.). The second pair began on the 
15th day above and between the first pair (fig. 24) , The third pair was formed 
outside and above the seeoM pair on the 17th or 18th day (fig. 25). A fourth 
pair of primordia was formed after 21 days between and slightly above the 
third pair (fig. 26 s.r.). All of these primordia were formed in front of the 
primary root. 


Coleorhiza. The coleorhiza was differentiated from the lower part of the 
10-day-old embryo (fig. 11 co.) by the development of the primary root pri- 
mordiuni. The other root primordia grew down within the coleorhiza and 
were often separated from each other by thin layers of the tissue of the 
coleorhiza. The coleorhiza grew partly b^" cell elongation but mostly by scat- 
tered cell divisions. No vascular bundles were formed in this part of the 
embryo. 

Suspensor. The cells near the base of the proembryo were larger than 
those in the other parts (figs. 7 and 8 sil) and stopped dividing after about 
10 days. The.y formed the suspensor, which was not more than 0.1 mm. long 
and wliieh in the fully developed embryo was no longer recognizable. 

Transition Region of the Brimary Boot. The metaxylem of the primary 
root was connected to the midvein and the second, fourth, and seventh pairs 
of lateral bundies of the first leaf. The protoxylem and a little of the 
metaxylem were connected to the scutellar bundles. 

Part of the phloem strands of the primary I’oot passed into the center of 
the transition region and formed a large mass of phloem. This mass was 
observed to clivide into two parts higher up in the region. One portion was 
traced to the midvein of the first leaf and the rest to the phloem of the fourth 
and seventh lateral bundles of the first leaf and to the scutellar bundles. 
The remainder of the phloem of the primary root was connected to the 
second pair of lateral bundles and to the scutellar bundles. 
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Vascular Belaiionships. The two bundles of tlie sciitelliini were con- 
nected with the primary root as it began to develop on tlie lOtli day. The 
two bundles of the eoleoptile began to differentiate on the 12th day and soon 
became connected with the bundles of the sentelliiin. At the base of the 
eoleoptile the bundles from it turned at right angles and passed back around 
the other bundles, and joined the seutellar bundles where the latter made the 
second bend to pass down to the transition region. 

The midvein of the first leaf passed alone through tlie transition region 
to the primary root, though the second pair of lateral bundles of tlie first 
leaf came very close to it as they were differentiated in the same region. The 
fourth and seventh pairs of lateral bundles of tlie first leaf were so close 
together in the transition region that they practically constituted a single 
pair of bundles. The conneetions of the other bundles of the stem were not 
differentiated in the normal embryos, but in the cultured plants the bundles 
turned at right angles above the transition regiem of tlie iiriniary root and 
entered the transition regions of the otlier seminal i*oots. Tliese latter regions 
were so close together that they formed a very complicated plate in the 
front of the embryo. 

DISCUSSION 

Since the cell walls formed by the first two di\'isions of tlie zygote were 
observed to be at right angles to each other, wliereas Xorner (1881) and 
Soueges (1924) found them to be parallel, and since the subse<|uent divi- 
sions are eyen more irregular, it would seem that no special significance can 
be attached to the sequence of cell divisions nor to the arrangement of the 
cells in the development of the embryo. Tliis is in agreement with the find- 
ings of Eandolph (1936) and may be interpreted as an indication that the 
factors controlling the growdh of the embryo affect the embryo as a wliole 
rather than definite individual cells. Souc\ges’ (1924) stated that the parts 
of the embryo are already determined in jiarticular (*e]ls in the 16-ceIled 
embryo. 

The smaller size and greater number of cells in the np]ier ])art of the 
proembryo after about four days suggest a gradient fi*om th(^ a])ex to the 
base of some factors which control the rate of division of the cells. The ap- 
pearance of smaller cells and more division figures iii certain parts of the 
embryo on about the seventh day seems to indicate that similar factors had 
become eoiiceiitrated in those regions. 

In the developing sciitellum the cells are larger than elsewhere and the 
divisions are scattered, so that there seems to be no lo('alizati(>n of siicli fac- 
tors in that part. 

In the development of the embryo the region vliicli is to become the 
scutelliim can be distinguished from that part whidi he<'omes the stem 
meristem. The eoleoptile develops from the sa nu' region as that whidi gives 
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rise to the scutellum. Because of this the scutellum and the eoleoptile are eoii- 
sidered to be closely associated parts distinct from the stem. There are other 
indications of this distinction which, while they cannot be offered as proof, 
add to the support of the conclusion based on the development of the embryo. 

T}le^se are as follows. 

The bundles of the scutellum develop before the bundles of the stem and 
are connected directly with the primary root. However this does not prove 
that the scntellnm is morphologically distinct from the stem, since the mid- 
vein of the first leaf also is connected directly with the primary root and lias 
no connections with any of the other bundles of the stem. 

The connection of the coleoptilar bundles with the sciitellar buiKlIes indi- 
cates a closer relationship between the eoleoptile and the sciiteiinm than 
between either of them and the stem. In Bordeum, the eoleoptile and scuteh 
liim are similar in possessing two bundles in contrast to the one main bundle* 
of the foliage leaves. The seutella of some of the wild species of Bordeum 
and of other grasses have ^iily one bundle, and whether one bundle or two 
is the primitive condition is difficult to determine. In the corresponding 
structure of the embryos of other moiiocotyledoiis, which are usually con- 
sidered to be less specialized than grass embryos, there are usually two and 
sometimes four biindles (Taylor 1921). 

The scutellum and eoleoptile are different in appearance and function 
from the foliage leaves, but this point should not be stressed, since foliage 
leaves are known to be greatly modified. While these additional indications 
of the separation in question cannot be defended as proof, it is equally diffi- 
cult to find any conclusive evidence that the two striictures are modified 
foliage leaves. It seems possible to consider them merely struetiires peculiar 
to the embryo. 

The scutellum alone or the scutellum and the eoleoptile together have 
been generally considered as the cotyledon of the embryo. The term coty- 
ledon, according to the Oxford English Dictionary, ^Svas first used in the 
botanical sense by Linnaeus as referring to those seed leaves which are not 
in themselves depositories of nutriment but act as organs of absorptioii, in 
which he saw an analogy to the function of the cotyledon in the zoological 
sense.’' The term had been previously applied to the lobes on certain mam- 
malian placentae. If such a meaning is to be preserved, then the seiitellnni 
of grass embryos is more rightfully called a cotyledon than any other struc- 
ture of the embryo of any other plant, since with the development of the 
epithelial layer it is certainly the structure most specialized for absorption. 
From the standpoint of development it is concluded that the seutelium is 
homologous with the cotyledon of other mouoeotyledonons embryos. 

The various views of the homologies of the parts of the grass embryo have 
caused niiich confusion on the termiiiology of that part of the axis between 
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tlie node of tlie first foliage leaf and tlie primaiy root In Hordeum as in 
other grasses this region is very complex. The lower portion is covered by the 
coleorhiza on the outer face and by the sciitelliun on the inner face. Just 
above the primary root is the transition region from it to seven of the bundles 
of the first leaf and to the scutellar bundles. Above this are the four pairs 
of seminal roots and the transition regions through wliieli the bundles of the 
stem are connected with them. The eoleoptilar bundles are present in this 
region from the divergence of the eoleoptile to tlie point where the}^ connect 
with the scutellar bundles. 

Van Tieghem (1872), Avery (1930), Boyd and Avery (1936), and others 
have shown that this region varies in different species of grasses; it does not, 
therefore, seem possible to find a natural term wliicIi will fit them all. Van 
Tieghem (1872) divided tlie grass embryos he studied into three groups on 
the basis of the morxihology of the region. In tlie members of tlie first group 
the eoleoptile is inserted just above the scutellum, as in Ihrrdi uai and Triii- 
ciim. In those of the second group the coleoptilr is insertinl some distance 
above the scutellum and the region is traversed by a “rorti('ah' bundle, as 
in Avemi and Zizania. In plants of tlie third group tlie eoleoptile is inserted 
some distance above the scutellum and the region between is not traversed 
by a cortical bundle, as in the embryo of Zea. 

Avery (1930) described the anatomy of the seedlings of TrificinUy Avena^ 
and Zea, showing the differences between the three groups of Van Tieghem ’s 
classification. The cortical bundle of tlie second, or Art na, type is tlie scuteh 
lar bundle which extends almost to tlie divergenee of the t'<6eo])tile where 
the eoleoptilar bundles connect with it. From tliis point accoialing to Avery 
(1930) a ‘^common bundle’’ passes down to the primary root.' Avery (1930) 
and Boyd and Avery (1936) regarded the scutellar biindle as extending only 
to the point where it met the eoleoptilar bundles. However, in the ten-day 
embryo of Hordeum two bundles connect tlie seutellum witli the pilmary root 
meristem and no eoleoptilar bundles are present. In tills (Uise it is not possible 
to distinguish the ^hseuteliar trace” from the “■'common bumiie'’ as described 
by Boyd and Avery (1936). From the development of tlie emliryo in Zizania, 
an embiyo of the Avena type, as illustrated by Laihie and Avery (1938) it 
also appears that the ''common bundle” cannot be distinguislied from the 
"scutellar trace” at an early age. In the Zea embryo as d<‘S(‘ribe<l by Avery 
(1930) the scutellar bundle does not extend up into the rtgiou between the 
scutellum and the eoleoptile. According to Avery (1930) the eoleoptilar 
bundles diverge from two bundles in the stele. It seems more consistent with 
the eondition in other embryos to consider that the e()]eo]>tilar hmulles extend 
down through the region in question and connect with the smtellar i)nndles. 
Ill the Hordetmi embryo there is no elongation of the axis between the scutel- 
lum and the divergenee of the eoleoptile, and the ('oleoptilar bundles are 
clearly eonneeted with the scutellar bundles. 
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It is su^^c&itcci tlicit ill tli6 socoiicij or ■A.vcnci^ typo of ciiil)ryo tho '’iiriori- 
steinatic region’^ described by Avery (1930) is in a part of the sciitellimp 
and that the region of the axis between the level of divergence of the seiitel- 
Inm and the coleoptile is the transition region between the stem and the pri- 
mary root surrounded by an elongated portion of the scutelhim. In tlie third, 
or Zea^ type the absence of a cortical bundle in the region between the scii- 
tellnni and the divergence of the coleoptile is due to the fact that the “ineri- 
stematic region^’ as showni by Avery (1930) is above the seutellar bundle. 
The bundles from the coleoptile extend through this region to connect with 
the seutellar bundle, and so it is considered that in this type of embryo the 
region between the divergence of the scutellum and that of the coleoptile is 
part of the transition region betw^een the primary root and the stenp sur- 
rounded by and fused with an elongated portion of the coleoptile. 

As has been pointed out, it does not seem possible to find one natural 
term which will accurately describe the eondition”iii all the types of grass 
embryos. It is the writer^* belief that the terms which have been applied to 
this region are not strictly correct, but developing a new artificial term would 
oid,y add to tlie confusion. 

This investigation was begun wdiile the author was an assistant in the • 
Department of Botany, University of Michigan, and was completed while 
he held the Emma Cole Fellow^ship in Botany from the same institution. 
The WTiter wishes to express his appreciation of the support which has made 
this work possible. It is a pleasure to acknowdedge the suggestions and criti- 
cisms of Professor C. D. LaKiie, of the University of Michigan, under whose 
guidance this W43rk wms done, and the generous assistance of Professor David 
K. Goddard, of the University of Rochester, in the preparation of the manu- 
script. 

SUMMARY 

1. The normal development of the embryo of Hordewm sativum is de- 
scribed, and the development of the vascular system of the embryo is inter- 
preted from plants grown in culture from embryos of different ages. 

2. The proembryo develops with no definite arrangement or sequence of 
cell divisions. 

3. The scutellum and stem meristein begin to differentiate at eight days 
after fertilization. 

4. The coleoptile is formed from the region which becomes the scutellum 
and is closely associated with the scutellum. 

5. The seiAellum and the coleoptile are considered to be structures mor- 
phologically distinct from the foliage leaves and peculiar to the embryo. 

6. The time of differentiation of the leaf primordia, the bundles of the 
leaves, and the seminal root primordia is given. 
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7. The vascular relationships of the various parts of the embryo are 
described. 

Denison University 
Granville, Ohio 
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EXPERIMENTS ON THE INHERITANCE OF THE “PLUS'’ AND 
“MINUS” CHARACTERS IN GLOMERELLA CINGULATA ■ 

J. 0. xiNDES 
(with one figure) 

INTRODUCTION ^ 

Edgertoii (1914) rej^orted the occurrence of two distinct types of cul- 
tures in one or more sp^ies of Glomerella isolated from various hosts. These 
types he designated as ^ Spins’’ and ^Tninus/’ regarding them as sexual 
strains.” Although the species of fungi concerned were not definitely identi- 
fied, it appears probable that at least the one isolated from cottonwood and 
used extensively in Edgerton’s work was Glomerella cingidata (Stoneni.) S. 
and V. S. Monoascosporic lines of either the ^^plus” or the minus” type 
were capable of producing fertile peritliecia in vitro, though most perithecia 
of minus lines failed to develop mature spores. When a '‘plus” isolate w^as 
grown in plate culture wuth a "minus” isolate from the same host, fertile 
perithecia developed in great abundance along a line where the two strains 
met. Asci containing the full complement of spores were isolated from peri- 
thecia produced along the line between the isolates and cultured individually 
without separating the ascospores. It wus found that both the "plus” and 
"minus” strains were commonly, though not always, produced in the same 
ascus. This and other evidence led Edgerton to take the view that fertiliza- 
tion occurred when the two strains came together in a plate (cf. Shear and 
Wood 1913), He pointed out, however, that the process of fertilization had 
not been full}^ studied and that it w^as impossible to explain with certainty 
the phenomena he had described. 

Though more than 25 years have elapsed since Edgerton’s valuable pio- 
neer contribution, and great advances have been made in the field of genetics 
of fungi, it is still uncertain whether genetic ^mbinations occur between the 
"plus” and minus” strains of 6. rmpidata. i 

In working with a culture of G. cingulafa Tom rotted apple, the wuiter 
obtained monoascosporic isolates t^at seem to ccviespond to Edgerton’s plus 
and minus types. In December, 1939, when the eight spores of an ascus wnre 

[The Bulletin foe November ,( 68 : 519 - 608 ) was issued November 1 , 1941 ] 
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eultured separately, it was observed that four lines were of tlie ''plus’' type 
and four "minus.” Experiments were then initiated to study comparatively 
ill pedigreed cultures the incidence of "plus” and "minus” lines in asei 
arising* in monoascosporic "plus” and "minus” clones, respectively, and in 
asei obtained from perithecia on the line between "plus” and "minus” iso- 
lates. This work was unavoidably interrupted in March, 1941, when the 
writer was called into military service. Though it is hoped that the investiga- 
tion may be resumed later, it seems more advisable to give the following brief 
report of the available results than to await the possibility of making a more 
complete report after further investigation. 

MATERIALS AND METHODS 

The original culture on which the greater part of the present work has 
been based was obtained from a bitter rot lesion on a Black Ben Davis apple 
from Tennessee. Eeinocul'Sdions into apples incited the characteristic rot in 
all cases, xinother culture that was used to a very liijiited extent was obtained 
from Miss A. J. Watson, who had isolated it fronr i specimen of Celastrus 
scandens L. secured in New Hampshire. The two races represented were 
designated southern and northern respectively. 

Various media were used to culture the fungus. It was found that potato 
dextrose agar served quite well for the production of conidia and ascospores, 
and this was selected as the standard medium for the work. The agar was 
unwashed and the commonly used formula was employed. Varying the pH 
and the relative carbon content, within limits, affected the rate of growth of 
the fungus but not the production of either ascospores or conidia. Oat agar, 
sometimes recommended for use in the production of peritheci^i, gave no ap- 
parent increase in this ease. Monosporic isolations were made by means of 
glass needles used with a stereoscopic binocular microscope. In most cases the 
spores were removed without regard to their relative position in the ascus. 

TYPES OP ISOLATES OBTAINED 

Two general types of cultures, designated as light and dark,^ were ob- 
tained. The color differentiation was definite in all cultures and together with 
other characteristics readily served to distinguish the two types. 

The light type is. characterized by an abundance of light-colored aerial 
mycelium. Conidia are produced sparingly but occasionally acervuli are 
formed which produce pink spore-masses. In the course of a few days cul- 
tures of this type produce penthecia which contain fully developed normal 
asei with viable ascospores. These perithecia are in groups and clo not occur 

distributed throughout the ci/.ltiire like those of the dark tvpe. 

^ _ / . 

1 Since it is not definitely kr^own whether th^se types actually enter into genetic com- 
binations with each other, they are hereinafter designed as light and dark. They seem to 
correspond, respectively, to Edgerton’s (1914) 'Spins’’ and ^hninus’^ strains. 
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The dark type produces ver^- little aerial mycelium, and in tlie course ol 
a few days appears carbonaceous. It always produces abuiidaiit conidia in 
large masses on the various media employed, the masses of spores at first 
giving* the cultures a salmon-pink surface coloration. Later perithecia are 
produced in large numbers over the surface and submerged tlirouglioiit the 
niediurn. These perithecia, however, seldom form asci and when asei are pro- 
duced they are usually abnormal, the spores not germinating readihR It was 
found that only one in several hundred perithecia formed even imperfect 
asei. 

When the two t^q^es are grown together in the same Petri dish there is a 
distinct line of perithecia at the junction of the colonies. These contain 
normal asei with the usual complement of ascospores. 

DERIVATION AND BEHAVIOR OP CLONES OP THE SOUTHERN RACE 

As explained above, the original culture, designated as stock culture No, 
1, wTis isolated from an^apple. Two single ascospores picked out at random 
from this culture yield'^^d the clones from which all the others of this group 
were derived. One, a dark type, was designated as 1C and the other, a light 
types, as lA. These isolates were then grown together in the same dish, and 
from the line of x)erithecia that developed where the twn met, single asei were 
picked out and the spores isolated. One set of eight cultures, X2, derived 
from the ascospores of a single ascus, was retained for further studv, all sub- 
sequent cultures being derived from this set. 

The derivation and types of the clones of the southern race are diagram- 
matically shown in figure 1. A solid black disk designates a dark type clone, 
whereas a cij’cle designates a light type. While the ascospores were always 
isolated in full sets of eight, occasionally some spores failed to germinate; 
this accounts for the blank spaces wliere sets of cultures derived from certain 
asci are represented. Although the dark type strains are designated first, 
followed by the light in indicating a set, this does not refer to their relative 
position in the ascus. Sets marked by the letter X were obtained from the 
line of perithecia developed between two opposite types, whereas those Avith- 
out the X were obtained from clones grown separately. 

Unbroken lines trace the descent of isolates from a monoascosporie clone, 
and grouped columns of sets below the end of such lines are from the same 
colony. Broken lines shoAV the derivation of sets from perithecia taken from 
the line betAveen the dark and light isolates. For example, sets X30 to X38 
Avere obtained from the line of perithecia forn^d by pairing 58 (4) and 58(7) . 
Sets grouped hj brackets are all from the sa^ne perithecium. For example, 
sets 91 to 100 AA^’ere from a single perithecium .'aken from culture 57(5). 

The light and dark strains o^ the southerii race Avere distinctly differ- 
entiated in culture, even under AAddely Amried environmental conditions. 
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Both types remained constant, whether propagated by eonidia or myeelmin. 
It is eoueliided that these types are hereditary rather than modifications 
induced as responses to environment. 

With one exception asci from inonosporic clones of the light type yielded 
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Pig. 1. Derivation and type the clones of the southern race of GlomerelJa 
eingiilata (see text). |, 

either all dark cultures or fo'^r dark and four light. In the exceptional case 
there were taken from a peAthecium of cion 58(7) three asci yielding all 
light cultures and five asci that gave all dark cultures. When several asci were 
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taken from a single peritlieeiiim they yielded either all dark cultiires, or half 
dark and half light, with the one exception mentioned. In this exceptional 
case, however, when certain clones from asci that had given all light cul- 
tures were studied, for example 107(7) and 112(1), they gave rise to asci 
yielding dark as well as light strains. 

Asci obtained from the dark strain grown alone yielded only dark cul- 
tures. The number of isolations is certainly relatively small, because most of 
the ascospores did not germinate, but as far as the experiment was carried 
the dark colonies produced nothing but dark offspring. 

■When asci were taken from perithecia at the junction of dark and light 
colonies there usually were produced either all dark sets or sets consisting of 
half dark clones and half light. There were certain instances, however, in 
which the ratio of the two types in a set was not 1 : 1, for example : X5 and 
X7 in which there were 2 dark and the remainder light, and X22 in whicli 
there were 6 dark and 2 light. Here again all sets ironi the same perithecium 
were alike except X22. 

Reaction between isolates 

Sotithern race. To determine whether all dark isolates of a set would 
react to form lines of perithecia when in contact with each light isolate of 
a set, the clones of certain sets were paired in all possible combinations. 
When, for instance, the clones of set X2 were so paired it was found that 
there was a definite line of perithecia where each dark isolate came in con- 
tact with each light isolate, but where light isolates came together there was 
never any such line of perithecia formed, the colonies merely merging. The 
dark colonies likewise jilaced together showed no indication of any reaction 
with one another. In the sets in which there were all light or all dark clones 
from a single ascus, as for example, 107 and 110, it was found that there 
were lines of perithecia only between dark and light isolates when the clones 
of the two sets were placed in all possible combinations. 

Northern race. With this culture the clones derived from a single ascus 
were either all of the dark type or all of the light type. The number exam- 
ined was small, only 15 asci in all ; but this seems to be the normal situation 
in this race in contrast to that found in the southern race. In pairing the 
dark and light strains of the northern race, it was found that a line of peri- 
thecia was formed only when dark met with light. 

Soiithern race with northern. A south^n light strain paired with a 
northern dark gave a line of perithecia at the '%.inetion, and a northern light 
paired with a southern dark likewise gave p g'ithecia at the meeting line. 
Southern dark and northern darl^gave no linebf perithecia, nor did south- 
ern light and northern light 
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SUMMARY" AND CONCLUSIONS 

A race of Glomerella cingulata (Stonem.) S. and v. S. obtained from a 
rotted apple from Tennessee was studied for inheritance of light and dark 
strain characters (apparently corresponding, respectively, to '‘plus’’ and 
"minus” of Edgerton). 

Monoascosporic colonies were always either light or dark. 

A comparative study was made, using pedigreed cultures, of the inci- 
dence of light and dark lines in asci taken, respectively, from monoasco- 
sporic light clones, monoascosporic dark clones, and the line of perithecia 
developed where light and dark strains met in plate culture. Monoascosporic 
light clones gave asci that yielded all dark clones or half dark and half light, 
with the exception of one perithecium in which the asci yielded all dark or 
all light. Monoascosporic dark clones gave asci that yielded only dark clones. 
Asci taken from perithee,^ produced where the light and dark types met 
usually yielded all dark clones or half dark clones and half light. Several 
such asci, however, yielded dark and light clones iS ^3 : 1 or 1 : 3 ratio. 

In limited experiments with a northern race of 'the same fungus some- 
what different results were obtained. 

Perhaps the most noteworthy aspect of the results here reported is the 
common production of all dark clones or half dark clones and half light 
from asci originating in monoascosporic light lines of the southern race. 
Explanation of this remarkable phenomenon of continuous production of 
dark and light clones in 1 : 1 or 1 : 0 ratios from asci of a homothallic haploid 
line must await the results of further work. 

The work was carried on under the direct supervision of Dr, G. W. Keitt, 
to whom the writer is greatly indebted for suggestions and for help in pre- 
paring the manuscript. 

Department of Plant Pathology^ University op Wisconsin 
Madison„ Wisconsin 
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CYTOPHYLETIC ANALYSIS OF ASTRANTHIUM 
INTEGRIFOLIUM 

J, T. BAiiDwiN, Jr. 

(with four figures) 

Astranih/iiim integrifolium (Miclix.) Nutt., tlie weKSteni daisy, is more 
generally known as BelUs integrifolia and is then congeneric with the 
English daisy. According to the manuals, the plant occurs from Iventucky 
and southwestern Missouri to Texas and blooms from May to July. 

Seed of A. integrifolnim (Mary Wharto7i 4329, University of Michigan 
Herbarium; near Liberty, Casey County, Kentucky) planted in the Uni- 
versity of Michigan Botanical Gardens in Jammry 1940 produced flower- 
ing specimens during November 1940 and several subsequent months. 



Fig. 1. Astranthium integrifolmm beginning to -P-Ower. x 0.7. Figs. 2-4. Chromo- 
somes of Astranthium integrifolium: 2w = 8 at metaphase in leaf cell; at first and 
second metaphase in pollen mother-cell, x 1400. 


f 
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basal leaves are still present, and the flowers are iiiatiiring*. The cliromo- 
somes were investigated in aceto-carniine smears of leaves, roots, and 
anthers: 2 r = 8 (fig. 2), ^ = 4 (figs. 3, 4). This somatie niimber was also 
determined for plants sent by Miss Wharton from Big Hill, Madison 
Count 3 ^, Kentncky, and for plants collected with the aid of H. T. Shaeklette 
and A. M. Harvill of the University of Kentncky from near Nashville, 
Davidson Comity, Tennessee, from Cliff ton, Woodford County, Kentucky, 
and from the University of Kentucky Botanic Garden. Meiosis was in 
process in the Tennessee plants on April 15, 1941 : n = 4. 

Kepresentatives of this species are recommended for use in classes in 
microtechnique. Mitosis may be readily studied in easily made leaf smears 
(for method, see Baldwin 1939 ; Sen 1940) ; meiotic material is not difficult to 
get, for the flowers of a head develop differentially over an extended period. 
The plants normally die after blooming, but, if the stems are cut back, flower 
production will be preveiPt-ed and thus a constant supply of young leaves 
insured. 

Negodi (1936), working with plants grown frohi seed obtained from a 
European botanic garden and identified by De Candolle’s (1826) descrip- 
tion, reported Beilis mtegri folia Michx. to have an iMiumber of 9 chromo- 
somes; in view of the present study of material from the wild, one judges 
that Negodi mistook the species. Chromosome numbers have been determined 
for five other representatives ot Beilin: 



??.-number 

2n-number 

Authority 

B. annua L. 

9 


Negodi 1937a 

B. perennis L. 

9 

18 

Ishikawa 1911 
Wiiige ,1917 
Negodi 1937a 
Heitz 1926 

B. rotuncllfolia Boiss, & Rent, 

9 


Negodi 1937b 

B. mexicana A. Gray 

18 


Negodi 1937b 

B. sylvestris Cjrill. 

18 

54 

Negodi 1937a 
Tischler 1936 


Steyermark (1940) recognized the validity of Nuttall’s monotypic 
Ash^amtJmim. Chromosome numbers give an additional basis for this generic 
separation: A. integrifolium has an n-number of 4; the six investigated 
Beilis species, ti-numbers of 9, 18, or 27. Perhaps Beilis (the genus, as listed 
in Index Kewensis, includes about forty species, approximately a third of 
them being native to the new Avorld) is an amphidiploid result of a union 
between a T-ehromosome syst^i, of which Astranihiiim is an expression, 
and a 5-chromosome system. |o. this connection, it would be interesting to 
know the chromosomal situation in Eclipta L., for Nuttall (1841) , writing of 
AstrantMnm, said : ^‘This geAs appears to be much more allied by the fruit 
to Eclipta ihm. to Beilis.’^ ^ ^ 
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SUMMARY 

xisiranihkim integrifoliiim has an R-iiiiiiiber of 4 eliroiiiosomes, a 2n- 
iiiiiiiber of 8 ; Beilis, as investigated by other workers, has a basic number 
of 9 : these chromosomal data support the separation of AstrmitMum from 
Beilis. 

A. integrifolium is recommended for use by students in niicroteeliniriiie. 
Department of Botany 
University of Michigan 
Ann Arbor, Michigan 
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STRUCTURAL FEATURES OF THE SHOOT APICES OF 
DIPLOID AND COLCHICINE-INDUCED, TETRA- 
PLOID STRAINS OF VINCA ROSEA L.^ 

G. L. Ckoss and T. J. Johnson 
(with twenty-poue figures) 

INTRODUCTION 

Vinca rosea (Madagascar periwinkle) is an ornamental plant of consid- 
erable importance in the southwestern states (fig. 1). Because of its resis- 
tance to drouth and disease, and because it blooms over a relatively long 
period of time during the summer months, the plant is used extensively in 
public and private garden^ In an effort to produce new and improved varie- 
ties through the induction of . polyploidy (Bigsti 1938), Sehnell (1940) 
treated seeds and seedlings of both the red and wB^e varieties of V. rosea 
with various mixtures of colchicine, prepared in -'Vater, mineral oil, and 
lanolin. An assortment of tetraploid and oetoploid plants, including a few 
chimeras, was obtained from this treatment. One especially promising white 
tetraploid strain appeared, and it is being cultivated experimentally at the 



Tig. 1. Diploid plant, 
heavier, darker leaves, x 


Fig. Tetraploid plant. ISTote shorter, thicker main axis and 

. / . 

1 Contribution from the Botanical Laboratory of the University of Oklahoma, n.s. 66. 
Publication of the figures was assisted by the Lucien M. Underwood Memorial Fund. 
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University of Oklahoma. The plants of this new strain have soniewhat niore 
massive stems, thicker and gTeener leaves, and larger fiowers (fig. lA). They 
grow in height more slowly than the related diploid variety, and frequently 
are somewhat shorter than diploids of the same age. 

Recently Taylor (1941) became interested in the water relations of tetra- 
ploid and related diploid varieties of Yvnca, and his comparative measiire- 
nients of water absorption and transpiration indicate that the tetraploid 
strain developed by Schnell may prove to be generally desirable for culti- 
vation in the southwestern part of the United States. The tetraploid strain 
and several interesting chimeras were given to the present writers for 
histogenetic studies, and grateful acknowledgment is made to Miss Schnell 
and Mr. Taylor. 

The fundamental importance of apical meristem in problems dealing 
with growth of the shoot has been stressed recently by Jones (1937) , Foster 
(1939), and Satina, Blakeslee, and Avery (1940). ‘'Except for an investiga- 
tion of colchicine-induced^periclinal chimeras of Datura (Satina, Blakeslee, 
and Avery 1940), apparSftly no comparative studies of the shoot apices of 
polyploids and related diploids have been made. The present investigation 
was undertaken in an effort to determine if the changed appearance of 
colchicine-induced tetraploid |)eriwinkles could be correlated with visible 
changes in the structure and growth of the apical meristem. 

METHODS 

The shoot apices used for the present investigation were obtained from 
white-flowered plants grown from seed in the greenhouses at the University 
of Oklahoma. The tetraploid material was collected from the Pi generation 
of the new strain induced by Schnell (1940). Schnell had treated the apices 
of two white-flowered plants with a eolchicine-lanolin mixture (1:100). 
After this treatment the main axes died back and lateral, tetraploid branches 
were developed. Seeds collected from these tetraploid branches produced 
the Pi plants here described. Because the flowers of V. rosea are normally 
self-pollinated, it was assumed that the new tetraploid variety would breed 
true. Such has proved to be the case, as is demonstrated by epidermal char- 
acteristics (figs. 2, 2A) and by chromosome counts made from pollen mother 
ceils (figs. 3, 3A)^ of the Pi. 

Tischler (1931) has reported 8 chromosomes for the haploid phase of the 
normal diploid variety of Y, rosea, and Simonet and Chopinet (1939) found 
16 chromosomes in the corresponding phase of ^tetraploid varieties. Figures 
3 and 3A in the present paper confirm the omnts made by these earlier 
investigators. 

2 Aceto-carmine preparations froni' wMch these photographs were made were prepared 
bv Dr. O. J. Eigsti, University of ; Oklahoma, to whom the writers extend grateful thanks. 
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The materials were killed and fixed in formalin-acetic-alcohol (5 parts 
formalin, 7 parts glacial acetic acid, and 88 parts 60 per cent ethyl alcohol) 
and in duel’s solution (Korody 1937) under reduced pressure. Tertiary butyl 
alcohol was used for dehydrating and clearing (Cross 1937a), and the mate- 
rials were embedded in ''Tissue Mat.” Serial sections were cut 8 g in thick- 
ness; safranin and fast green (Cross 1937a) were used in staining. A 


Fig. 2. Diploid epidermis, x 100. Fig. 2A. Tetraploid epidermis. Note tliat the tetra- 
ploid guard cells are considerably larger than the diploid but that the other epidermal 
cells are about the same size in each strain, x 100. Fig. 3. Diploid microspore mother cell 
immediately after reduction division, showing chromosomes in groups of 8 . x 666. Fig. 
3A. Tetraploid microspore mother cell immediately after reduction division, showing chro- 
mosomes in groups of 16. x 666. § 


Wratteii A filter, no. 25, w4’s used during photomicrography to emphasize 
the cell walls. ^ 

GENERAL ^FEATURES OF JHE DIPLOID SHOOT 
Apparently the only published account of apical meristem in the genus 
Vinca is Schmidt’s (1,924) description of the shoot apex of V. minor L. 
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In this species there is a three-layered tunica and a central eorpiis with an 
irregular cellular pattern. The outer layer of the tunica divides only aiiti- 
cliiially and its derivatives develop into the epidermis of the shoot. The 
second and third layers of the tunica also divide only anticlinally at the 
summit of the meristem, but during leaf initiation periclinal divisions oceiir 
in the flanks, and the derivatives of these early periclinal divisions produce 
the internal portions of the leaf. Schmidt was able to demonstate that the 
derivatives of the second layer of the tunica produce the parenchymatous 
portions of the leaf, whereas the vascular tissue in this organ is formed from 
derivatives of the third or innermost layer of the tunica. In the shoot axis 
derivatives of the tunica produce the epidermal and cortical portions, but 
the stelar regions, except for the leaf traces, are derived from the corpus. 
Because the various layers of the tunica and the corpus of V. minor make 
such, definite and precise contributions to the shoot axis, Sehmidt regarded 
these growdh zones as true histogens equivalent tS those of Hanstein (1868) 
as follows : the first lay^^r of tunica is the dermatogen, the second and third 
layers of tunica are tlf | periblem, and the corpus is the plerome. 

The shoot apex of Y. rosea is elliptical in transection. The form and size 
vary during the course of a plastochron — the latter to a greater extent than 
the former. The ‘flength,” “width,’’ and “height” of several apices, in 
various i3hases of development between periods of foliar initiation, were 
measured. As used in this paper the “length” and “width” refer respec- 
tively to the long and short axes of elliptical transeetions immediately above 
the axils of the youngest leaves. However, the measurements were made from 
median longitudinal sections. In each apex one dimension (“length” or 
“width,” depending on the plane of the section) was obtained by direct 
measurement; the other necessarily was obtained b}^ counting sections and 
multiplying by the thickness of the sections. The “height” wms obtained by 
measuring the vertical distance from the summit to a straight line comiecting 
the axils of the youngest leaves. 

Immediately after the initiation of a pair of opposite foliar primordia, 
w’^hen the shoot apex is in a state of minimal surface area, the length of the 
apical meristem is usually about 70 p, the width about 45 p and height from 
3 to 5 p (figs. 4, 10, 15). During the ensuing plastochron the apex gradually 
increases in size, and attains its maximal surface area just prior to the 
initiation of the next pair of leaf primordia (figs. 4~10, 15-20). Measure- 
ments made at this stage indicate that immediately before leaf initiation the 
length of the apex is about 160 p, the width 110 p, and the height 45-50 p. 
However these maximal dimensions are regarded as only approximately 
correct, because difficulty was experienced in deciding exactly wdien and 
between what points measurements should made. The increased dimen- 
sions are attained in a uniform manner — that is, an increase in one dimen- 
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sioii is correlated to a certain extent with increases in the others. At the end 
of each period of enlarg’ement, when the meristem has reached its maximal 
surface area, a pair of opposite foliar primordia is differentiated in a plane 
parallel with the long axis of the transectional ellipse, and perpendicular to 
the plane of the next ^mungest pair of leaves (figs. 10, 13, 20). At this point 
it is interesting to note that the range of dimensions given for 7. rosea is 
slightly greater than reported by Schmidt for 7. minor (length 104 |j, width 
36 g, and height 10 g during minimal surface area, and length 139 g, width 
97 g, and height 42 g during maximal surface area). 

STRUCTURE OP THE DIPLOID SHOOT APEX DURING MINIMAL 
SURFACE AREA 

Immediately after the initiation of a pair of foliar primordia, median 
longitudinal sections cut in any plane show that the apex consists of three 
rather distinct peripheral layers of cells which cap a central region char- 
acterized by a somewhat irregular cellular patten^ (figs. 4, 15). The two 
outer layers constitute the tunica. The cells of the •^unica divide onl}^ anti- 
clinally at the summit of the meristem, but as is shown later, perielinal divi- 
sions occur in the flanking portions of the second layer of the tunica during 
foliar initiation. Frequently a centrally located large cell dominates each of 
these layers (fig. 18). The third lawyer at the apex (fig. 4) is the first layer 
of the corpus. It maintains its identity for a variable period of time after 
the initiation of foliar primordia, but sooner or later the constituent cells 
split perielinally (figs. 5, 16) throughout its extent, and often this phe- 
nomenon occurs in such a regular manner that four layers of cells may be 
distinguished at the apex (figs. 6, 17), i.e., two layers of tunica? and two of 
corpus. The layering is remarkably evident immediately beneath the summit, 

Explanation of figures 4-10 

Pig. 4. Longisection of apical meristem of F. rosea in early stage of plastocliron, cut 
parallel with plane of youngest pair of leaves,* tly first layer of tunica.; second layer 
of tunica; c, corpus; rm, rib meristem. Fig. 5. Longisection of apical meristem in later 
stage of plastoehron cut in same plane as fig. 4, showing perielinal splitting of cells in 
first layer of corpus; cl, first layer of corpus; cf, second layer of corpus. Fig. 6. Longi- 
section of apical meristem cut in same plane as figs. 4 and 5, showing still later stage in 
plastoehron. Note intercellular spaces in rib meristem. Fig. 7. Longisection of apical 
meristem immediately after foliar initiation, cut perpendicular to plane of youngest pair 
of leaves; n, nodal region; ps, provascular tissue. Fig. 8. Longisection of apical meristem 
cut in same plane as fig. 7, showing later stage in development of nodal region and pro- 
vascular tissue. Note that provascular tissue is separated from derivatives of the tunica 
by cells of the corpus. Fig. 9. Long|seetion of apical meristem showing perielinal divi- 
sions in T~2 associated with origin of foliar promordium; foliar pi'i»ioi‘dium; n, nodal 
region; in, internodal region. Note vascular tissue in two youngest intefno'des separated 
by undivided cell marked X. Fig. 10. Longisection of apical meristem showing later 
stage of foliar primordium and further development of nodal and internodal regions. Note 
acropetal differentiation of provascular tissue, x 32o. 
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but frequently, because of the presence of oblique walls, it may not be seen 
in the fiaiiking* regions of the corpus. For convenience these four layers are 
hereafter designated as T-1 (first layer of tunica), T-2 (second layer of 
tunica), C-1 (first layer of corpus), and C~2 (second layer of corpus). A 
comparison of the description and fignres given here for V. rosea with those 
by Schmidt (1924) for V. minor reveals the interesting fact that the tunica 
of F. rosea consists of one less layer of cells than is found in F. minor. A 
similar variation in the structure of the tunica amongst difterent species 
of the same genus has been reported for Vihiirnum (Cross 1937b, 1938) and 
Veronica (Schmidt 1924). 

GROWTH OP THE DIPLOID SHOOT APEX 

All idea of the changes that occur in the apical meristem during the 
course of a plastochron, including the initiation of foliage leaves, inaj^ be 
obtained by studying figftres 4-10 and 15-20. In figure 4 the narrow, 
columnar appearance of the cells in T-1 and T-2 prq^ides evidence of recent 
mitotic activity. Although only anticlinal division^! occur in the tunica, 
the summit of the meristem is gradually elevated (increased in height) 
during the plastochron. It is apparent in figure 5 that this increase in height 
is a result of cellular activity in the corpus. All the cells of the first layer 
of the corpus except one cell near the center have divided periclinally (thus 
forming C-1 and C-2), and a slight growth of the derivatives has thrust the 
apex of the shoot upward somewhat. Below C~2 the cellular pattern is 
irregular in all figures. In figure 5 several groups of genetically related cells, 
each clearly derived from a single mother cell, and oriented in a manner sug- 
gestive of a rib meristem, may be seen in the central portion of the corpus. 
The mother cells of the rib meristem are derivatives of C-2, although formed 
perhaps during the preceding plastochron. In figure 6 a highly organized rib 
meristem may be seen, consisting of chains of cells which diverge from a 
region immediately below the central portion of C-2. The derivatives of the 
rib meristem augment the pith. Thus during the earfy stages of growth fol- 
lowing foliar initiation the apical meristem may be regarded as consisting 
of four layers which cap the mother cells of a rib meristem. The relatively 
''shailoAv'’ nature of the apical meristem is apparent in figure 11, where 
the abrupt transition from densely cytoplasmic layers to highly vacuolate 
rib-meristem is striking. Except for relatively infrequent periclinal divi- 
sions (fig. 7), C-1 divides antielinally during the plastochron,^ and as a 
result it appears as a discrete l^yer after the primorclia of the next pair of 
leaves are initiated. However, the cells of C-2 divide extensively in various 
planes, and the derivatives form a massive core of tissue as the apex increases 
in size. Continued division and growth of t}?e derivatives of C-2 elevate the 
surface of the meristem and generall}^ thicken the meristem in vertical as 
well as lateral directions (fig's. 7, 19). 
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Fig. 11. Longisection of shoot apex showing apical meristem, young foliar primordia, 
young internode, axillary buds, glandular hairs. Fig. 12. Longisection of shoot apex cut 
perpendicular to plane of youngest foliar primordia. Fig. 13. Longisection of shoot apex 
in same stage of development as represented by hg. 12 but cut perpendicular to fig. 12. 
Note very young foliar primordia and lateral to them, young nodal aifd internodal regions. 
Fig. 14. Longiseytion of a colchicine-induced, tetraploid shoot apex of approximately the 
same stage of development as the one represented in hg. 11. x 70. ^ 


1 
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For a clearer iiiiderstanding* of the interrelated functions of the tunica 
and corpus in the growth of the shoot axis, it will be helpful to refer to 
figures 7 and 19, prepared from sections cut parallel with the longer transec- 
tional axis of the enlarging meristem shortly after leaf initiation (the 
youngest leaves are not in the* plane of the paper). In these figures the 
layers of the tunica, except for the larger number of cells in each hiyer, are 
similar structurally to those seen in the previous figures, although the curva- 
ture of the apex is greater. Divisions in T-1 obviously had been entirely 
anticlinal up to the time that the material was fixed. Similarh" in T~2 anti- 
clinal divisions had prevailed at the summit, but in the margins or flanks of 
the meristem several cells in T-2 show evidence of having divided peri- 
clinally. Upon casual observation it might be supposed that such pericilinal 
divisions represent preliminary stages in the initiation of a new pair of foliar 
primordia. However, this is not the ease; on the contrary, the periclinally 
divided cells of T-2 in figrfres 7 anclT9 are related to the recently initiated, 
opposite foliar primordia, which are oriented in a^3lane perpendieular to 
that of the paper. In other words, these periclinal |Livisions are concerned 
with the development of the nodal and possibly the internodal portions of 
the shoot axis which are located immediately between and below the margins 
of the opposite leaf bases. From a study of many sections similar to those 
represented in figures 7 and 19 it appears that periclinally dividing cells in 
T-2 extend as a ring or ellipse throughout the entire eircumference of the 
shoot apex during foliar initiation. In the plane of the long axis the deriva- 
tives contribute to the tissues of the young leaves; in the plane of the short 
axis they contribute to the cortex of the node and internode. This develop- 
mental feature was not described by Schmidt for F. minor. Figure 8 repre- 
sents a later stage in the development of the nodal and internodal portions 
of the shoot axis which are associated with the youngest foliar primordia. 
The ridge-like appearance of such regions as seen in longitudinal sections is 
confusingiy suggestive of foliar primordia, and only Avhen a series of stages 

Explanation of figures 15-20 

Fig. 15, Longisection of slioot apex in early stage of plastocliron cut parallel with 
plane of youngest leaves. Note three distinct layers ..at summit of meristem. Fig. 16. 
Longisection cut in same plane as fig. 15 but slightly later in plastocliron, showing peri- 
clinal splitting of cells in first layer of corpus. Fig, 17. Longisection of apical meristem 
in still later stage of plastoehron cut in same plane as figs. 15 and 16. Note transforma- 
tion of derivatives of 0-2 into rib meristem. Fig. 18. Similar to 16, showing large cells 
dominating first and second layers' of tunica. Fig. 19. Longisection of apical meristem 
cut perpendieular toiplane of youngesi foliage leaves ; periclinal splitting in flank of T-2 
is associated with origin of node and associated internode of youngest leaves; p, provas- 
cular tissue. Fig. |;0. Longisection apical meristem cut parallel with yoiingest foliar pri- 
mordia, showing development of nodal and internodal region and vacuolation of cells in 
cortex; p, provasciilar tissue; c, co^rtex of voung internode. Figs. 15-19, x 530; fig. 20, 
x250. 7 . ' 
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siieh as those represented by fig'ures 7“10 and 20 is studied, does the real 
significance of the region become apparent. 

To the left, in the youngest internode represented in figures 7 and 19, 
elongated cells indicating the origin of provascular tissue may be seen. Fig- 
ures 8, 9, and 10, prepared frop apices more advanced in the plastochron, 
confirm this interpretation. It is obvious that the provascular tissue of the 
axis is initiated from lateral derivatives of the corpus, which is in agreement 
with Schmidt’s account of V. minor; however, in contrast to V. minor the 
provascular tissue in V. rosea is not differentiated immediately adjacent to 
derivatives of the tunica, but is separated from these by other derivatives 
of the corpus. Therefore, the corpus contributes to the cortex as well as to the 
stele of V. rosea, and accordingly is not to be regarded as^ equivalent to 
Hanstein’s plerome. 

When the length (long dimension as seen in transection) of the shoot 
apex is approximately 160r/q, new. foliar primordia are differentiated in a 
plane perpendicular to the last pair, and they ap|)ear as small crescent- 
shaped protuberances located immediately eentrad tc^ the bulging nodal and 
internodal areas previously described. In figure 9, il may be seen that the 
earliest stages in foliar initiation are correlated with pericliiial divisions in 
T-2. In later stages (fig. 10) the corpus extends as a core into the base of 
the primordium. The extent to which the corpus contributes to the tissues of 
the leaf was not determined precisely, but the results of studies by Johnson 
(1941) indicate that much of the foliar vascular tissue, at least that in the 
proximal regions, is derived from this growdh zone. In F. minor derivatives 
of the corpus are not involved in foliar initiation, for in this species the foliar 
primordium is a product entirely of the tunica. The function of the third 
layer of the tunica of F. minor, i.e., the production of the vaseiiiar tissue of 
the leaf, is performed by the first layer of the corpus (however, the third 
layer of meristem) of F. rosea. The primordia grow vertically, perpendicular 
to the summit of the apical meristem. The elongated cells in the corpus (and 
youngest internode) near the base of the young foliar primordium in figure 
9 represent the initiation of a provascular strand with which the leaf trace 
will be continuous. Similar provascular tissue may be seen in the second 
internode below, separated from that above by a single nodal cell marked X. 
As shown in figure 10 these two provascular strands become continuous; and 
at the upper limit of the strand a perielinally dividing cell, associated with 
the vertical differentiation of the provascular tissue into the leaf base, is 
evident. Thus th^leaf trace of F. rosea apparently differentiates only in an 
acropetal direction, rather than both aeropetally and basipetally, as described 
commonly for an^iospermous genera. 

THE SHOOT ^PEX OP TETRAPLOID PLANTS 
In all basic structural features the apices of the tetraploid shoots are 
practically identical Avith Jhose of the related diploid strain. A tAAm-layered 
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tunica capping a central corpus is easily demonstrated (figs. 22, 24). The 
behavior of the tunica and corpus during the course of a plastochron, and 
the cellular contributions of these growth zones during the initiation of 
leaves, nodal and internodal portions, provascular tissue, pith, cortex, and 
epidermis are the same as described for th|? diploid variety; therefore, a 
second description will not be necessary. 

However, it is apparent from a comparison of figures 11 and 14 that the 
tetraploid apices are considerably more massive than those of diploid shoots. 
Figures 21 and 22, prepared from diploid and tetraploid apices respectively, 
show tliat this is true not only of the apical meristem, but of tlie foliar pri- 
mordia as well. The young tetraploid leaf in figure 22 is considerably thicker 
than the corresponding diploid leaf in figure 21, althoiigh both leaves are of 
appi’oximately the same height, and both figures have the same magnification. 

Havas (1937) , Eigsti (1938), Levan (1938), and others have reported 
that the increased size of a plant organ after treatment with eolehicine is a 
result of increased eelli4ar size rather than an increase in number of cells. 
It is apparent from onl^| a casual comparison of tetraploid and diploid shoot 
apices (figs. 21-22, 23-24) that the increased size of the tetraploid meristem 
and foliar primordia is a result of increased cellular size rather than in- 
creased cellular number. It is further apparent that the lateral dimensions 
of the tetraploid cells have been increased more noticeably than the vertkal 
dimensions. This is shown strikingly by figures 23 and 24, representing dip- 
loid and tetraploid meristem respectively, photographed with identical mag- 
nifications. In an effort to determine precisely what effect colchicine has upon 
the form and structure of the cells in the apical meristem of Vinca^, a number 
of careful nreasurements were made of anticlinal walls, pericliiial walls, and 
nuclei in the growth zones of both the diploid and tetraploid varieties. Shoot 
apices in various stages of growth following foliar initiation were selected 
for measuring. Tlie measurements were taken only from T-1, T-2, and C-l 
of each apex, because these regions are the primary centers of growth in the 
apical meristem. The average lengths of the pericliiial and anticlinal walls 
in each layer were determined and the results for several apices are recorded 
in table 1. 

It was found from measurements made of a series of diploid apices that 
the average dimensions of the cells in T-1, T-2, and C-1 do not vary greatly 
during the course of a plastochron (table 1). The greatest Yariation occurs 
in the anticlinal walls of C-1, as is shown by a comparison |f apices 1, 2, and 
3 in table 1. However, this is easily understood because th^ first layer of the 
corpus divides periclinally throughout its extent early ii^the course of a 
plastochron, and immediately after this division, before the derivatives have 
enlarged, the vertical dimension^ of the cells In the new C-1 (upper layer 
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Fig. 21. Shoot apex and foliar primordium of diploid plant. Fig. 22. Shoot apex 
and foliar primordium of tetrapioid plant. Note that the apical meristem is wider and not 
appieeia^ y eeper Aan in the diploid, x 221. Fig. 23. Summit of apical Ineristem of 

apical meristem of tetrapioid plant. Note that the cells 
of the tetrapioid li^-ce greatly increased lateral dimensions but that the vertical dimen- 
sions are approxim^itely the same as those of the diploid, x 1105. 

Measurements of the corresponding lay(?rs in tetrapioid apices reveal the 
interesting fact that the anticlinal walls in T-1 and T-2 are certainly no 
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greater in vertical dimensions than are those of the diploid ineristeiii. As a 
matter of fact, the average dimensions given in table 1 are somewhat less 
than those of the diploid. However, in C-1 the cells have slightly but defi- 
nitel.y greater vertical dimensions in the tetraploid apices, as shown by mea- 
surements of the anticlinal wmlls. The lateraj. dimensions of the cells in all 
three la^mrs are considerably greater in the tetraploid apices, as is shown by 
the average dimensions of the periclinal wmlls given in the table. From the 
figures here given it would appear that treatment with colchicine has in- 
creased the lateral dimensions of the cells in T-1 68.1 per cent, those in T~-2 
43.6 per cent, and those in C-1 58.9 per cent. This has resulted in consider- 
ably widened apices, but not noticeably deeper ones — ^because the vertical 
dimensions of fhe constituent cells have not been greatly altered. 

The nuclei in the cells of both diploid and tetraploid apices occupy nearly 
all of the internal portions of the cells. Ibventy-four nuclei from each strain 
w^ere measured at random from T-1, T-2, and C^l. The diploid nuclei had 
an average size of 6.7 as compared with 8.9 p for the tetraploid — repre- 
senting a size increase of nearly 33.3 per cent following treatment -witli 
colchicine. 

The tetraploid plants used in the present investigation have shorter and 
more massive stems, thicker and greener leaves, and somewdiat larger flow-ers 
than tfieir diploid ancestors. In the followung paragrapjhs it is show^n ho 4 v 
all of these structural features seen in the mature plants, except those per- 
taining to the flower, are correlated directly with visible differences observed 
in the tunica and corpus. 

The effect of colchicine upon the apical meristem of F. rosea is to increase 
the lateral dimensions of the cells to an extent varying roughly from one- 
half to two)-thirds. This means that the entire apex is broadened in an aniount 
ec|uivalent to the sum of the increased dimensions of the constituent cells. 
A thicker pith and a generally more massive stem is the result. The vertical 
dimensions of the cells in the apical meristem are not increased however, and 
the mitotic rate of the tetraploid cells is apparently somewhat less than that 
of the diploid tissue. Both of these latter features are correlated wnth the 
fact that the tetraploid stems are thicker but not longer, and often are 
shorter, than the diploid. 

The thieker, greener leaves of the tetraploid plants may be correlated 
similarly wuth the increased lateral dimensions of the apical meristem, when 
the method of their initiation is considered. The initial elevation of the foliar 
primordiuhi occurs as a i^esult of periclinal division in the^ cells of T~2, and 
therefore the elevation is in a direction perpendicular to jhe surface of the 
apical inerik-em. In the tetraploid apices the lateral dimen pons of the cells 
of T-2 (T-1 and C-1 as w^ell) have been increased markedly, and the deriva- 
tives of T-2 -which constitute the internal p*ortions of very young foliar 
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TABLE 1 

Dimensions of cells in diploid and letraploid }urrisfe})is 


Average dimensions of antielinal and periidinal 
avails in T-], T-2, and (M 


Shoot apex 
iniinber 


T-1 



C-l 


No. 

Ant. 

Per. 

No. 

Ant. 

Per. 

No. 

I Ant. 

Per. 


cells 

walls 

walls 

cells 

walls 

Avails 

cells 

j walls 

Avails 

Diploid 1 

12 

9.1 

4.5 

11 

9.5 

5.5 

11 

8.3 

5.5 

Diploid 2 

12 

8.0 

4.4 

12 

9.2 

4.5 

12 

6.3 

5.0 

Diploid 3 

14 

8.3 

5.0 

15 

8.9 

5.1 

13 

8.0 

5.5 

Diploid 4 

20 

8.6 

4.9 

19 

8.7 

6.9 

18 

6.5 

6.3 

Diploid 










Average 

14.5 

8.5 

4.7 

14.3 

9.0 

5.5 

13.5 

7.3 

5.6 

Tetraploid 1 

18 

8.2 

7.4 

16 

8.1 

. 8.3 

13 

8.8 

9.6 

Tetraploid 2 

12 


7.1 

11 

9.0 

7.5 

12 

7.4 

7.3 

Tetraploid 3 

13 

8.5 

9.3 

11 

9.5 

8.1 

13 

7.8 

9.7 

Tetraploid 





i 

f) 




Average 

14.3 

i 

8.2 

7.9 

12.7 

8.9 1 

! 

7.9 

n 

' 12.7 1 

8.0 j 

8.9 

Average ! 
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colchicine 

i 

-3.5% 

68.1% : 


-1.1% 

43.6% 


9.6% 

58.9% 
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priiiiordia aecordiiigiy have greater lateral dimensions tlian the correspond- 
ing cells in diploid foliar primordia of a comparable height! This results in 
tetraploid foliar primordia with considerably greater radial thickness, a 
feature AAdiich perhaps is correlated with the thicker and grehner mature 
leaves. The possibility of a similar correlation of meristem characters with 
the somewhat larger tetraploid flowers will be investigated later. 

DISCUSSION 

The need for comprehensive information concerning the apical meristem 
in species of angiosperms is borne out by the fact that three (Veronica, 
Vihiirmim, and Vinca) of the relatively small number of investigated genera 
have species in Avhich the structure of the shoot apex is not uniform with 
respect to the quantitative relationships of the tunica and corpus. 

In V, minor three layers constitute the tunica — in V. rosea there are only 
two ; however, as^^ar as the fundamental features of growth in the two species 
are concerned, tfere are no great differences, for in each species deidvatives 
of the outer thi^ae layers at the shoot apex form the foliar primordia and 
cortical tissues while the stele is a product of the more internally placed 
meristem. Thus the outer layer of the eo'!i‘pus makes essentially the same 



1941] 


CROSS AND JOHNSON: SHOOT APICES VINCA 


633 


cellulai* contributions in the shoot of F. rosea as are made by tlie third layer 
of the tunica in V. minor. 

Schmidt (1924) has emphasized that the relative contributions of the 
tunica and corpus to leaf or bud initiation are dependent upon the quanti- 
tative relationships of these gTowth zones at»the shoot apex. Schmidt’s eon- 
elusion is supported by the results of the present investigation, for clearly 
the extent to which each of the growth zones contributes to the leaf and 
shoot axis in the genus Vinca is dependent upon their quantitative relation- 
ships in the apical nieristem of each species, i.e., upon the number of layers 
in the tunica of each species. It would seem that the variations in quantita- 
tive relationships of the tunica and corpus that occur so commonly in the 
shoot apices of angiosperms may be of phylogenetic significance mainly with 
respect to problems of speeiation. From a practical point of view they may 
prove to be of considerable significance in understanding problems associated 
with the origin of new varieties of plants, particularly the induction of new 
varieties by treatment Awth colchicine and other drugs. 

In contrast to the procedure commonly described for seed plants, the leaf 
traces of V. rosea are difierentiated acropetally into the foliar primordia 
and from the beginning are in continuity with pro vascular tissue previously 
formed^in the two internodes and intervening internode immediately below. 
A similar acropetal differentiation has been described for the phyllode traces 
of Acacia (Boke 1940) and for the leaf traces of Sequoia (Crafts 1940). 
From an examination of a large number of genera of vascular plants, Wet- 
more'^ has concliided that strictly acropetal differentiation of leaf traces ma}' 
be much more prevalent than has been suspected heretofore, and doubtless 
the subject !=^liould receive additional investigation. In this connection it is 
interesting to recall that Clregoire (1938) stressed the acropetal differentia- 
tion of provaseular traces into floral parts, and used this feature in support 
of his idea that floral parts and foliage leaves are not homologous structures. 

It is generally known that chromosomal number and cellular size may 
be increased by treatment with colchicine. The shoot apices of the induced 
tetraploid strain of V. rosea provide evidence that colchicine may also in- 
fluence the shape or form of the cells in treated meristeni and thereby affect 
the form of the adult plant. Similar formative effects were not reported for 
the apical nieristem in tetraploid plants of Batura (Satina, Blakeslee, and 
Avery 1940), and it is clear that additional investigations are necessary 
before -we can hope to understand the action and appreciate the possibilities 
of the drug in plant breeding. 

' ’ SUMMARY 

4 

The shoot apex of V. rosea is described and compared with that of 
F. armor (Schmiclt 1924). • 

Private eommiinication with Ealf)h H, Wetmore, Harvard University. 



634 


BULLETIN OP THE TORREY CLUB 


[ VOL. 68 


The shoot apex of V, rosea consists of a two-layered tunica and a central 
eorpiiSj in contrast -with that of Y. minor for Avhich a three-layered tunica 
has been described. With the exception of the outer layer of the tunica which 
produces the epidermis, the growth zones do not make precise contributions 
to the shoot axis, and therefore^ Hanstein^s histogen-theory is not applicable 
to Y. rosea. 

Although the quantitative relationships of the tunica and corpus differ 
in the two species, the general features of growth at the shoot apices are 
similar, for in each species the outer three layers of the apical meristem make 
essentially the same contributions to the foliar primordia and shoot axis. 
Thus the functions of the tunica and corpus are correlated with their quan- 
titative relationships. ^ 

The leaf traces differentiate acropetally into the bases of foliar pri- 
niordia, rather than both acropetally and basipetally as is commonly 
reported for angiosperms.^ 

The shoot apices of a colchicine-induced tetraploid strain of Y. rosea 
are similar to those of the diploid parent in the qp^antitative relationships 
of the tunica and corpus. The apical meristem of the tetraploid plants is 
considerably wider than that of the related diploids, but the vertical dimen- 
sions are approximately the same. The increased width of the tetraploid 
apices is a result of increased lateral dimensions of the cells in the apical 
meristem. Cellular measurements indicate that treatment wuth colchieine as 
an average increases the lateral dimensions of the cells in T-1 about 68 per 
cent, those in T--2 43 per cent, and those in the first layer pf the l^^^rpus 59 
per cent. Significant differences in the vertical dimensions of cells of diploid 
and tetraploid meristems w-ere not noted. The nuclei in tetraploid meristem 
are, as an average, approximately one-third larger than those of the diploid. 

It is emphasized that colchicine affects the shape^ as well as the size and 
chromosomal number, of the cells in the apical meristem of Y. rosea. Visible 
changes in the meristem following treatment with colchieine are correlated 
with changes in the form of the adult plant. 

Department op Botany, University op Oklahoma 
Norman, Oklahoma 
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STUDIES ON AMERICAN HEPATICAE— III. VEGETATIVE 
REPRODUCTION IN BRYOPTERIS FRUTICULOSA 


Margaret Fulpord 
(with thirteen figures) 

Plants of Bryopteris friiticidosa Taylor collected at Pmita Gorda, Brit- 
ish Honduras, in November, 1932, exhibit an interesting* example of vege- 
tative reproduction by means of miniature shoots. These young shoots may 
be considered of two sorts depending on their place of origin on the plant, 
although they do not differ in their structure. The one sort originates from 
individual cells of the leaf and will be designated as leaf-cladiad These are 
identical with the ^‘Brutsprosschen’’ of Degenkolbe (2) and other authors. 
The other sort, the stem-cl^adia, originates on the stem and occupies the same 
position on the stem as the sexual branches. These belong to the category 
‘‘Brutaste.” 

The leaf-cladia usually arise on the dorsal side o|,the ordinary, persistent 
leaves, especially after they are badly weathered or eroded.’^ They occur 
on any portion of the surface of the leaf and show no periodicity in their 
development, one leaf often bearing shoots of different sizes (see figure 1). 
They also occur on the male bracts. 

This type of vegetative reproductive body on persistent leaves has been 
described in Plagiochila (1) and Bazzania (10). It is also frequent in many 
species with caducoiis leaves, associated with the caducous leaves. Evans 
(6) has described them in several tropical American genera, and more 
recently Degenkolbe (2) has given a comprehensive sunimary of ‘‘Brut- 
sprosschen” in Hepaticae. 

An ordinary leaf cell becomes more chlorophyllose than those adjacent 
and divides bj^ means of a wall at right angles to the surface of the leaf 
(fig. 2), and one or both of the newly formed cells bulge on the dorsal surface 
(fig. 3). Then from one of these new cells one or two cells are cut off by 
transverse walls parallel to the leaf surface, so that a very short filament is 
formed. An apical cell with three cutting faces develops from the end cell 
after a few cells are cut off through anticlinal divisions. The new shoot is 
formed b.y the activities of this cell. The first cells cut off have bulging sides 
and can easily be distinguished even after the shoot has attained consider- 
able length (figs^4, 5). The first two leaves are very rudimentary, consisting 
of only three eills each. Each succeeding leaf becomes larger, and on the 
fifth or sixth l^jf rudimentary lobules become evident. These; too, become 

1 Cladiuni (/cXaSiov, diminutive of /c/^dSog, a branch or slip) is here proposed as a 
name for the small detachable branches which are effective in vegetative reproduction. 
The word was suggested by I)r. H. W. Bickett. 
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larger on succeeding leaves and are wtdl developed on tiie ninth or tenth 
leaves. The typical (mature) leaves of these shootlets have more oi- less the 
same outline as the leaves of the parent plant, but tliey art*, of course, very 
small, show no evidence of teeth on the margins, and luwe proportionately 



Fig. .1. Sketch of an eroded” leaf showing brood shootlets on the dorsal surface. 
Fig. 2. A cell which lias undergone the initial division in the formation of the propagule, 
x 375. Figs. 3-4. Early stages in its development, x375. Fig. 5. An older brood shoot 
showing the earliest leaves, x 375. Fig. 6. Diagram of a branch showing the position of 
the male brandies and the tufts of brood branches just below the leaves. Figs. 7-11. 
Stages in the development of 'the brood branch, x375. Fig. 12. Basal portion of an older 
brood branch showing the rounded cells and the attachment cell, x 375. Fig. 13. A brood 
branch wntli well developed leaves and iindeiieaves, x 90. 

larger lobules. The first underleaf usually arises after the 'orjuatioii of the 
fifth leaf and. is very rudimentary (see figure 5), triangiilal^ and eonsists of 
three cells. Bach successive one is larger and more conipleteiy developed. 
The mature underleaf is oblong a|id emarginate. 

The stem-cladia are much more abundantly produced, often liiiiidreds of 
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tliein oeeurring* on a single stem. They are cliaraeteristicall.y on the branches 
but are not uncommon on the main axis. They are produced in tufts of from 
ten to thirty or more just below a leaf, in the position of the sexual branches, 
often on the same axis with them (see figure 6). 

Tlie sexual branches are ol the Badiila t.ype, that is, they ''arise in a 
cortical cell adjacent to the base of a leaf on the basiseopie side and in the 
ventral portion of the segment” (8) and each has a well-developed sheath 
at its base. The tufts of stem-eladia arise in a similar position but do not 
develop such sheaths. 

The individual branchlets of the tuft originate in disc-like areas of cor- 
tical cells just below the leaves. A transverse section of the stem shows a 
medulla fifteen or more cells in diameter, surrounded by a cortex of one 
layer of cells more or less rectangular in outline, not unlike the structure 
of the stem of B. filicdna described b.y Evans (9). The inner cells of the 
medulla have relatively tfiin walls and are little pigmented, but the cells 
of the outer tAVO or three rows, those nearest the ^cortex, have very thick 
walls and are deeply pigmented an orange-broAvn yolor. The cortical cells 
are larger, with thinner walls, and are a little less pYgmented than the adja- 
cent medullary cells. The cortical cells Aviiich give rise to the propagula are 
somewdiat larger than those adjacent to them and do not liave the typical 
deep, orange-brown color. In addition, the adjacent roAA’s of cells" of the 
medulla have thin Avails and lack the usual pigmentation. 

In the formation of the stem-eladia a cortical cell of the sort just de- 
scribed becomes packed Avith material and divides by means of a Avail at 
right angles to the surface. The ncAV cells bulge out and each one througli a 
Avail parallel to the periphery of the stem becomes tAVo cells. T|ie outer cell, 
by a series of divisions at right angles to the stem axis forms a mass of cells. 
Each one of the cells thus formed is capable of producing a neAV shootlet, 
through the formation of a fcAA-celled filament, Avliich in turn produces the 
apical cell of the new shoot, after the manner described for the development 
of the leaf-eladia from cells of the leaves (see figures 7-10). As in the latter, 
the early cells cut off are rounded in outline and irregularly arranged ; the 
early leaves are rudimentary, consisting, for the most part, of only three or 
five cells; the Avell developed lobules appear on the ninth or tenth leaves; 
and the underleaves are at first very rudimentary, but successive ones 
become narroAvly ovate, and finally oblong and emarginate (fig. 13). The 
branchlets often become more than 1.5 cm. in length Avhile yet attached to 
the stem. The p<||tit of attachment is a single cell (see figures 5, l0-12) and 
the branchlets Ire easily separated by a slight movement^ The break is 
schizotytic. Although there was no evidence in the material examined that 
these branchlets gxow into normal plants, AAuthout doubt propagation by 
this method frequently occurs. 7 
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These stern-eladia are mnch less Mgiily specialized tliaii thosi^ iiesrj'ibt^d 
b}" Evans (3, 4, 5) fx)T Lept ole jetmea, Drepanolejeiinea and ()(](niioh jni nro, 
since they do not arise singly, possess sheaths, or develop the radii'eliiferous 
discs found in those genera. Degenkolbe (2) has discussed the (huvhopment 
of ''Brutaste/' in his summary of the brood organs in }K^pati('s. Similai* 
slender filiform branches have also been noted in B. isnukanlis Tayl. (7). 

In addition to the above mentioned material from British Honduras in 
the Missouri Botanical Garden, plants with similar stem-idadia iiave been 
collected at Mirador, Mexico, by P. Muller; the east Coast of Guatemala, 
b,y Sereno Watson no. 58c ; and in Bolivia by White (Miilford Exp. Amazon 
Basin no. 2133a) and are in the collections of the New York Botanical 
Garden. k 

The ivriter wishes to express her appreciation to Dr. A. W. Evans for 
his helpful criticism. 

University op Cincinnati 

Cincinnati, Ohio* 
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NORTH AMERICAN RANUNCULI— 

Lyman Benson 

Tlie first article in this series of five (Bull. Torrey Club 68: 157-172. 
March, 1941) includes a key td the species of the section Chrysanthe of the 
subgeiuis EuranuneulMS and discussion of the first seven species. The other 
eleven species of the section are discussed in the second article (Bull. Torrey 
Club 68: 477-490. October, 1941). This article deals with the sections 
Echinella and Epirotes. The delimitation of subgenera and sections was 
published in a paper entitled “The North American Subdivisions of Baniirh 
cuius” (Am. Jour. Bot. 27: 799-807. 1940). 

SECT. 2. ECHINELLA DC. 

KEY TO THE SPECIES 

r: 

Aclienes with spines on the faces or margins. 

Mature achenes 5—7 mm. long, the spines straight ; iietalsf at least 4 mm. 
long. 

Achenes with the margins iiroduced into long spinesy nectary scale 
not forming a pocket, broader than the adjacent part of the 

petal 20. i?. arvens'is. 

Achenes without spines on the margins, the faces spiny ; nectary scale 
forming a j)ocket, much narrower than tlie adjacent part of the 
petal 21, is*, muricatus. 

Mature achenes 1-2 mm. long, the papillae on the faces produced into 

hooked spines; petals 1-2 mm. long 22. B. parvifforiis, 

Aclienes with no spines but the faces papillate, 1-2 mm. long. 

Petals 1-2 mm. long ; papillae of the achenes produced into hooked hairs ; 

sepals not reiiexed 23. B. hebecarpus. 

Petals 8-9 mm. long; papillae of the achenes not produced into haiys; 

sepals reflexed 24. B. sardous, 

20. Ranunculus arvensis L. Sp. PI. 555. 1753. 

AVaste ground and ballast; European weed; naturalized in North Amer- 
ica; yamhill and Marion Counties, Oregon; “Southern^ Oregon; Potter 
Valkyy, Mendocino County and Mt. Bullion, Mariposa County, California; 
Grangeville, Idaho; Smithfield and Newton, Utah; metropolitan New York 
and New Jersey; AYashington, D. C. Summer. 

"Type collection: Habitat in Europae australioris agris.” 

21. Ranunculus muricatus L. S. PL 555. 1753. R. echinatns Vent 
Jard. Cels. 73. 1800 (An. VIII of the French Revolution). R. miiricaiiis 
var. caroliniamc^DG. Prodr. 1: 42. 1824. 

1 References il. the first article of this series to Abrams ’ Illustrated Fora of the 
Pacific States 2: MdO are erroneous, since that work did not appear at the' time scheduled 
late in 1940. The Cwo new combinations, Bmiunculus cantis Benth, var. laetus (Greene) L. 
Benson and R. canus var. ludoviciamis (Greene) L. Benson, should be considered as pub- 
lished in the Bulletin of the TorFey Botanical Cl?jib 68: 170 and 171. 1941, instead of in 
Abrams^ Flora. 
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Meadows, stream and lake borders, and vernal rivulets at low elevations ; 
Europe; naturalized in North America; Seattle, Washiiia'toii ; Newport, 
Port Orf ord and Myrtle Creek, Oregon ; Del Norte, Lake, and Butte Coun- 
ties to San Mateo, Contra Costa, and Stanislaus Counties, Califoriiia ; Arkan- 
sas ; Coastal Plain from Texas to South Carolina. April and May. 

Type coUections: (1) B. mimcatiis, ^'Hahitat in Europae australis fossis 
d; hnmentibus.’’ (2) B. echinatus, '' Environs de Charies-town. ' ’ Charleston, 
South Carolina. (3) Var. caroUamis, ''Carolina and Virginia.” 

22. Ranunculus parviplorus L. Sp. PI. ed. 2. 1: 780. 1762. Pi. irachy- 
spermus Ell. Sketch. 2 : 65. 1816. B. parviflorus var. dfmidh/tios* Ivrause, 
Beih. Bot. Cent. 32 (2) : 330. 1914. 

AVaste ground; Europe; naturalized in North America; Humboldt 
County, CalifoTnia; Eastern Arkansas and Houston, Texas, to Lexington, 
Kentucky, A^irginia, northern Georgia and extreme northwestern Florida; 
Peekskill, New York; Bermuda and St. David Islands, Bermuda; at 1,100 
meters elevation in Jamaica. Summer. 

Type collections: (4) B. parviflorus. ‘^HaMtat in Europae australis.^ ^ 

(2) B. tracJiy spermus, ^ Collected in St. John's Berkley, by Dr. Alacbride.” 
Near Savaiinah, Georgia. (3) A^ar. dimidiatus, Krause "No. 5567. Bei ALr- 
ginia Beach am 13 Alai.” A^irginia, 1890. 

23. Ranunculus hebecarpus Hook. & Arn. B. parviflorus L. var. Torr. 
& Gray, FI. N. Am. 1 : 25. 1838. B. hebecarpus Hook & Arii. Bot. Beech. 
A^'ov 316. 1840. B. hebecarpus var. pusillus Brew. & AA^ats. Bot. Calif. 1: 9. 
1876. 

Shade of trees at 100-1,000 or 1,300 meters elevation; Latah County, 
Idaho; AAuiAvawai, AA^asiiington; Columbia River Gorge; oecasional in soutli- 
w-estern Oregon ; Siskiyou and Modoc Counties and the whole foothill region 
of cismontane California, except the seaward North Coast Ranges; Santa 
Catalina Island; northern Baja California and Guadaloupe Island. Pri- 
marily oak woodland. March to May. 

Type collections: (1) Unnamed variety, Torr. & Gray, "California, 
Douglas!” (2) B. hebecarpus^ "California — Supplement. AAdiere not other- 
wise mentioned, it is to be understood that the following species are from the 
collection of Mr. Douglas. They w^ere presented by the Horticultural Society 
of London, in whiose service Mr. Douglas was at the time he gathered them. ' ’ 

(3) A^ar. pusillus. No type given. It and the typical species w^ere reported 
from the "coast-ranges and foot-hills of the Sierra Nevada.” No plants of 
Banuncuhis hebecarpus warrant segregation as a variety. 

24. Ranunculus sabdous Crantz, Stirp. Austr. Ed. 1. fasc. 2. 84. 1763, 

B. parvulusPj^ Maiit. PL 79. 1767. % 

AAMste places; Europe; naturalized mostly about seaports in North 
America.; Coliwnbia River at Portland, Oregon ; Fortuna, Hvimboldt County, 
California; St. Louis; New York; Philadelphia; Norfolk and Aleherrin 
River, Virginia; "Eastern” North Carolina ; ^Savannah and Tybee Island, 
Georgia. Alay to July. 
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SECT. 3. EPIROTES (pRANTL) L. BENSON 
KEY TO THE SPECIES 

Boots not distinctly tuberous^ if slightly fusiform-tuberous, the thickened 
portion not truncate, 0.5-2 or rarely 2.5 mm. in diameter ; petals usu- 
ally obovate or cuneate, rarel}j^ 2-3 times as long as broad. 

Horizontal rootstocks not present. 

Fruiting receptacle and head of achenes cylindrical or ovoid ; achenes 
not stipitate or winged at the bases. 

Stems 5 or more cm. long at fruiting time (measurement to the 
base of the highest pedicel). 

Sepals not densely covered dorsallj" with reddish-brown hair. 

Nectary scale ciliate (except rarely in B. arworiiciis) , the 
adjacent petal surface sometimes hairy also ; achenes 
pubescent. 

Stems seapose, rarely branching near the bases ; nectary 
scale rectangular or nearly so ; achene beak 
straight. 

Each S/!*?ape 4- or usually 8-12-flowered ; dead leaf 
bases represented by numerous brown fibers; 
margin of the nectary scale -^free along the 
distal third ; petals 2-3 times as long as broad, 
not emarginate; fruiting reee|-lacle cylindri- 
cal, slender 29. E. arisonicnis. 

Each scape 1-3- or 4-flowered; dead leaf bases not 
markedly fibrous; margins of the nectary 
scale adnate to the petal for almost their en- ^ 
tire length; petals nearly as broad as long, 
sometimes emarginate ; fruiting receptacle 
ovoid or ovoid-cylindrical, stout ... 30a. E. cardiopJiyllus var. 

Stems not seapose, branching near the bases: nectary 

scale obdeltoid; achene beak recurved 36, E. cardio 2 )hylliis. 

Nectary scale and petal glabrous. 

Margins of the nectary scale prolonged into 2 flaps «!|t- 
tached most of their length to tlie blade of the 
petal, each flap 4-5 mm. long by 0.6 mm. broad ; 
leaves dissected; plant practically glabrous. 

31. E. Eastwoodianus. 

Margins of the nectary scale not prolonged for more 
than 1 mm. 

Fruiting receptacle 2-4 mm. long, 1-3 mm. in diam- 
eter; stems usualty i)^‘<^^*u.sely branched and 
8-25- or 60-fIowered; achenes glabrous. (i?. 
arizoniciis is allied to this group of species as 
well as to E. cardiophylliis.) 

Petals shorter than the sepals. 

Achene beaks 0.1-0.3 or rarely 0.4 mm. long; 
petals two-thirds to five-sixths the 
^ length of the sepals; nectary sealer 

I laterally attached for its full length. 

I Herbage glabrous or nearly so; receptacle 

villous or rarely glabrous; leaves ' 
reniform, usually distinctly cor- 
^ date; nectary scale notched (or 
truncate at the apex; head of 
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achenes ovoid; aelieiie beak 0. 1-0*2 
inm. long; bracts of 3 or 5 narrow 
divisions, these broadest at tlie 
middles; roots filiforin, rarely 

thickened 25. II. abortiviis. 

Herbage villous ; receptacle glabrous 
(rarely vilibus) ; leaves proximally 
truncate or almost attenuate; nec- 
tary scale truncate at the apex; 
head of achenes cylindrical or ovoid- 
cylindrical ; achene beak 0.2-().3 
mm. long; bracts of 3-5 linear- 
oblanceolate divisions; some of the 
roots somewhat fiisiform-thickened 
and some filiform on each plant. 

26. M. micranthns. 

Achene beaks 0.6-1 mm. long, curved or re- 
curved; petals 1-1.5 mm. long, one- 
third to One-half the length of the 
sepals, broadly ellifJtic; nectary scale 
free laterally for half its length; 
bracts with 5 nearly linear lobes ; roots 

all filiform; leaves reniform 27. IL aUegheniensis, 

Petals longer than the sepals; achene beaks 0.4— 

0.6 mm. long, straight; petals 6-8 mm. 
long, twice the length of the sepals; nec- 
tary scale attached laterally through its 
whole length, truncate; bracts with 3 ob- 
lanceolate divisions ; some of the roots 
■fusiform and 1.5-2. 5 mm. in ' diameter ; 
leaves reniform, the lobes relatively few. 

28. M. Harveyi. 

Fruiting receptacle 4-16 (or rarely only 3) mm. 
long, usually 3-9 mm. in diameter ; steins spar- 
ingly branched, each bearing 1-3 or sometimes 
7-9 or rarely 11 flowers. 

Sepals and usually the pedicels densely tonientose. 


Petals twice as long as the sepals 32. II. 'pedoM^fid'iLs. 

Petals scarcely longer than the sepals 33. M. Salrnii. 

Sepals and pedicels glabrous or thinly pilose. 

Achenes obovate. 


Eadical leaf blades ovate to orbicular, not 
broader than long; achene beak 
0.8-0 .9 mm. long; stems 3-7- or 
rarely 11-flowered; achenes 50-100 
in a head 7-17 mm. long. 34. i?. mamoenus. 

Eadical leaf blades reniform or semicireu- 
lar, broader than long ; achene beak 
about 0.3 mm. long; stems 1-3 -flow- 
ered ; achenes 20-45 in a he'? d 4-6.5 

mm. long 35. It. AlXenii. 

xiehenes almost oblong. 

Petals, when fully expanded, 3-5 mini, long, 
the sepals the same length ; achene 
^ beaks recurved, 0.5 mm. long; basal 

leaves proximally cordate 36. if. verecutidus. 
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Petals, when fully expanded, at least 60 
per cent longer than the sepals, 

8-18 (rarely 5) mm. long ; achene 
beaks straight, 1 nmi, long ; leaves 
truncate or rounded at the bases. 

The 3 primary divisions of the basal 
^ leaves once-lobed or entire; 
head of achenes cylindrical or 

ovoid-cylindrical 37. E. Esclisdioltmi. 

The 3 primary divisions of the basal 
leaves again twice-divided into 
linear divisions ; head of aclienes 
ovoid. (See also the varieties 
SiiEsdorfii and trisectus of E. 

Bsclisclioltzii) 38. E. adoneus. 

Sepals densely covered dorsally with conspicuous reddishdreiLm 
hair. 

Radical leaf blades reniforni to cordate, semicircular, or 
nearly orbicular, palmately lobed or parted; petals 
obovate7‘ 

Receptacle glabrous; achene body about 1^5 mm. long ... 39. E. nivalis. 
Receptacle brown-hispid; achene body occasionally 1.5, 

but ordinarily 1.8-2 mm. long .f,, 40. E. sitlphnreus. 

Radical leaf blades very narrowly elliptic, shallowly toothed 
at the apices; petals cimeate; receptacle glabrous. 

41. E. Maeaideyi. 

Steins not more than 5 cm. long at fruiting time (measurement to r 
the base of the highest pedicel) . 

Petals twice as long as the sepals, 5 mm. long by 4 mm. broad ... 42. E. Grayi. 
Petals the 'same length as the sepals, 1.5-3. 5 mm. long by 1-2.8 

mm. broad 43. E. pygmaeiis. 

Fruiting receptacle and head of achenes spherical or globose ; aclj.enes 

each with a broad thin stipe or winged base, except in E, 
pygmaeus. ’"y 

Stems not more than 4 cm. long at fruiting time (measurement ft) 

the base of the highest pedicel) 43. E. pygmaeiis. 

Stems 5 cm. long or longer. 

Herbage pilose; petals obovate-spatulate, the nectary scales 

glabrous ; achene beaks 0.3 mm. long 44. E. rhonihoideits. 

Herbage glabrous; jietals obovate, the nectary scales usually 

distalH ciliate; achene beaks 0.6 mm. long 45. E. glaherrimus. 

Horizontal rootstocks produced about 4 cm. below the surface of the soil; 

flowering stems scapose; head of achenes hemispherical 46. E. verticelldtus. 

Roots distinctly and conspicuously tuberous, the tubers truncate distally, 3-5 

(rarely only 2) mm. in diameter; petals broadly oblanceolate 47. E. Jovis. 

25. Eanunculus abortivus L. Sp. Pi. 551. 1753. R. nitidus Walt. PI. 
Carol. 159. 1788. B. riideralis Greene, Am. Midi. Nat. 3: 334. 1914. E. 
Holmei Greene, ^m. Midi. Nat. 3: 334. 1914. R. mdchiganensi§ Farwell, 
Kept. Mich. Acad. Sei. 17: 169. 1916. R. abortimis var. typicus Fern. 
Rhodora 40: 417| 1938. R. abortivus var. acrolasius Pern. Rlio(|ora 40: 
418. pi 519. f. Ij2. 1938. ^ 

Radical leaves simple or rarely some trifoliolate, reniform, 1-5 cm. long, 
1-6 cm. broad, erenulate or cr^nate, some 3|ilobed, -parted, or -divided, peti- 
oles 4-11 cm. long, stipular leaf bases scaricus, 1-2 cm. long; cauline leaves 
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alternate, tlie^Braets deeply once- or twice-parted to form 3 or 5 elliptic lobes, 
sessile; receptacle fiisiform-cylindrieal, about 2 mm. long in flower and 2-4 
mm. long in fruit, sparsely villous. 

Moist ground in rich woodland at low elevations ; Jiuieaii, A laslva, and 
British Columbia to Labrador, southern Colorado, eastern Texas and Chat- 
tachooehee, Florida. Northern coniferous, i?estern pine, Northeastern pine 
and hardwood and Southeastern pine, and river bottom forests. March to 
June, depending upon locality. 

Type collections: (1) R. aRoriivus, Habitat in Virginia, Canada.” (2) 
R. nitidus. Carolina. (3) if. ruderalis, ''First observed by me as growing on 
a railway embankment near Linden station of the Baltimore & Ohio Rail- 
way, within the State of Maryland, but not far outside the District of Co- 
lumbia, this in May, 1912.” Type, HGr. 13022-3. (4) R. Holmei, "A com- 
mon plant of low wuodland borders and open thickets, in rich alluvial soil 
along the Potomac River & its tributaries in Maryland & Virginia.” The 
following specimen is designated as a lectotype : Thicket near canal, below 
High Island, Maryland, Greene, Apr. 23, 1912, Iff (Jr. 13027. (5) R. michi- 
gamensis, "Swamp lances near Rochester, Michigan, Farwell, No. 3627, May 
17, 1914.” (6) Var. acrolasiiis, "Shelburne N. H., May 17, 1910, Deane 
(type in Herb. N.E. J^ot. CL). . . .” This is a northern and Rocky Aloiin- 
tain form with the younger portions of the plant (stems, cauline leaves, and 
pedicels ) pubescent. 

25 A. Ranunculus abortivus var. eucyclus Pern. Rhodora 1 : 52. 1899. 
R. abortivus f. giganteus Gates, Trans. Ivans. Acad. Sci. 33: 28. 1930. 

Stems elongated, slender and flexuous ; radical leaf l^Iades deeply cordate 
with a narrow basal sinus; 3. 5-4.5 cm. long (on the axis), 4.5-6 cm. broad, 
the blade as a whole practicallw circular; cauline leaves like the typical 
species ; friiiBhg receptacle slender. 

Rich word Quebec to Newfoundland and south to New York and New 
England; Yates Center, Kansas, and Hope, Arkansas. Northern coniferous 
and Northeastern pine and hardwood forests. Early summer. 

Specimens from DeviPs Lake, North Dakota {Lunell, July 1, 1905, A' F.) 
and from Vermont {Carey, NY.) have similar leaves but not the slender and 
flexuous stems. 

Type collections: (1) Var. eucyclus, "Ifirst collected b}^ Miss Kate Fur- 
bish at East Livermore, June, 1888.” Maine. (2) P. giganteus, "The type 
specimen, 50 cm. high, collected June 5, 1928, three miles southeast of Yates 
Center, Kansas, deposited in the herbarium of the Kansas State Agricultural 
College, Manhattan, Kansas, by Mrs. C. B. Rogers” (0. E. Rogers on the 
label) . The specimen was kindly loaned to the University of Arizona by Dr. 
P. C. Gates. The fruiting receptacle is of a nearly filiform type rarely 
equalled hi narrowness in the typical species or the eucyclus, and the 
radical leaves are 4.5-6 cm. long (on the axis), or 8-9 cm. if the basal lobes 
are incA^i^ed. ^The basal sinus is about 3 cm. deep. The flowers are uiikiiown. 
This form is truly remarkable for its size, but it is defiejent in technical 
characters to differentiate it as a variety. : 
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25 B. Kanunculus abortivus var. indivisus Fern. Rliodona 40 : 418. FI, 
518. 1938. 

Herbage a darker green than in the typical species ; stems like the typical 
species ; radical leaf blades shaped like those of the typical species, but the 
teeth very shallow; bracts cnneate, obovate, apically shallowly dobed or 
-toothed. » 

Alluvial woods of bottom-land; Nottaway River Valley, Southhampton 
County, Southeastern Virginia. River Bottom Forest. April. 

Type collection: '‘Three Creek, Drewryville, April 9, 1938, Fernald <& 
Long, No. 7829 (type in Gray Herb., isotype in Herb. Phil. Acad.). . . 

26. Ranunculus micranthus Nutt, ex Ton*, and Gray, FI. N. Am. 1: 
18. 1838. B. delitescens Greene, Am. Midi. Nat. 3: 333. 1914. B. cym- 
halistes Greene, Am. Midi. Nat. 3: 333. 1914. B. micranthns yar. delitescens 
Fern. Rhodora 41: 543. 1939. B. micranthus var. cynihaUsfes Fern. Rho- 
dora 41 : 543. 1939. 

Low elevations ; South Dakota to Arkansas and thence to southern Illi- 
nois, southern Indiana, and Kentucky; Massachusetts to the District of 
Columbia. April or May. ^ 

Type collections: (1) B. micranthus, " 'Margiui^ of ponds throughout 
the upper & western part of Missouri, likewise in Arkansas, collected by 
Dr. Pitcher.^ NuttaUJF^ The Pitcher specimen in the New York Botanical 
Garden is designated as a lectotype. It was collected at Ft. Gratiot (?). 
(2) B. delitescens, "Guttenberg, New Jersev, 12 May, 1895, by Williaiii Van 
Sickle. . . . Harper’s Ferry, W. Va., 11 May, 1889, by F.' V. Coville.” (3) 
B. cynihalistes, "Known only as collected in extreme southern Indiana, 20 
April, 1913, by Mr. Charles C. Deain, where it inhabits wooded knolls, under 
Pinus Virgiiiiana & Quercus alba, the special localitv 2 miles west of New 
Albany.” 

t: 

27. Ranunculus allegheniensis Britt. Bull. Torrey Club 23.: 224. 1895. 

Moist w'oodland in New England (uncommon and not found in Maine) 

and in the mountains from Franklin County, Pennsylvania, to Waynesville, 
North Carolina. Northeastern pine and hardwood forests. May or early 
June. 

Type collection: "Mountains of Virginia & North Carolina.” The follow- 
ing specimen is designated as a lectotype, White Top Mountain, Grayson 
County, Virginia, N. L. & E. G. Britton and A. if. Tail in 1892, NY. 

28. Ranunculus Harveyi (A. Gray) Britt. Mem. Torrey Club 5: 159. 
1894. B. ahortivus L. var. Harveyi A. Gray, Proc. Am. Acad. 21: 372. 1886. 
B. Harveyi Greene, Erythea 2: 189. Dec. i, 1894. B. Harveyi var. pilosus 
Benke, Rhodora 30 : 200. 1928. 

Moist woodlan/l ; Southern Missouri and Arkansas ; vicinity /)f Tusca- 
loosa, Alabama (e.g., Harper 3181, NY.). Southern hardwood and river bot- 
tom forests. Late April and early May. - ' 

Type collections: (1) Var. Harveyi, "On damp rocks in Arkansas, F. L. 
Harvey and Dr. Hass [Hassejj,” (2) Var. pilosus, "The type is from Rolla, 
Mo., Apr. 18, 1928, H. C. Benke 4575 in Fie^,d Museum. ” 
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29. Eanxpnculus arizonicus Lemmon. A. Gra}^ Proc. Am. Acad. 21: 
370. 1886. B. nudatus Greene, Lead. Bot. Obs. & Grit. 1: 211. 1906. 

Dry situations at 1,600-2,250 meters elevation ; Greenlee and Santa Cruz 
Counties, xirizona, to Santa Rita, New Mexico. Western jiine forest (?), 
soutliwestern coniferous woodland, and oak woodland. Flowering’ in tlie 
summer rainy season. 

Type collections: (1) B, arizonicus, Lemmon, in herb. Gray. . . . The 
plant sent by Mr. Lemmon with this name is the same as C. Wright’s no. 837, 
also from Arizona, and which was taken for a form of B. affinis in the Botany 
of the Mexican Boundary.’' The Lemmon specimen is the type. It was coi- 
lectedin Rucker Valley, Chiricahua Mountains, Sept. 28, 1881, Lemmon 585. 
(2) E. niidatus, ''Burro Mountains, at 7,500 feet, 0. B. Metcalfe, 20 June, 
1903. ” The type is ROr. 2815. 

30. Ranunculus cardiophyllus Hook. FI. Bor. Am. 1: 14. pi. 5. f. B. 

1829. B. affinis R. Br. var. cardiophyllus A. Gray, Proc. Acad. Phila. 15: 
56. 1864. B. affinis R. Br. var. lasiocarpus Tout. Bot. Wilkes Exped. 17: 
213. 1874. B. van. validus A. Gray, Proc. Am. Acad. 21: 371. 1886. 

B. cardiophyllus var. pinetorum Greene, Pittonia 4: 144. 1900. B. pedaii- 
fidus J. E. Smith pinetorum Davis, Minn. Bot. Studies 2: 483. 1900. 
B. affinis lasiococcus Ton*, ex Piper, Contr. U. S. Nat. Herb. 11: 273. 1906, 
as sxTi. 

Stems erect, not rooting adventitiously, 2-4 dm. long and 2-4 mm. in 
diameler, 1-5-, or 8-fiowered, fistulous, pilose, striate; radical leaf blades 
simple, cordate, 1-6 cm. long, 1-5 cm. broad, crenate, sometimes the apex 
lobed or rarely parted, proximally cordate and dist^illy rounded, pilose, 
petioles 5-10 or 16 cm. long, j)ilose, stipiilar leaf bases 2-4 cm. long, not 
markedly fibrous after withering ; eauline leaves alternate, the bracts divided 
into 3-7 lin.e|h iobes, sessile; petals 5, yellow, broadly cuneate-obovate, 8-15 
mm. long, 6* 43 mm. broad, the nectary scale eiliate on its apical margin with 
hairs nearly 1 mm. long (the surrounding petal surface often with similar 
hairs), forming a pocket, obdeltoid; achenes 50-125 in a cylindrical head 
8-10 or usually 10-15 mm. long by 5-6 or usually 7-9 mm. in diameter, each 
achene obovate, 2 mm. long, 1.5 mm. dorsoveiitrally, 0.6-0. 8 mm. laterally, 
smooth, finely canescent, margin inconspicuous, the achene beak slender, 
0.6-1 mm. long, recurved; receptacle ovoid-cylindrical, 3-4 mm. long in 
flower, 7-14 mm. long in fruit, densely hairy. 

Meadows in the mountains at 2,500-3,350 meters elevation southward 
and at 600-1,500 meters northward; Moose Mountain, Northwest Territory; 
Rocky Mountain system in Alberta and from Wyoming and the Black Hills 
to Northern Arizona and the northern edge of New Mexico. Western pine 
forest. Mostly July. 

(1) B. cardiophyllus, "Hab. from 41anada to iat. 55°. 
In the central prairie & limestone districts. Dr. Bichardson. Drunmio'nd. 
Alpint^prairies in the Rocky Mountains. Drummond.’ ' (i) Var. lasiocarpus, 
"Columoia River between the Spokane and Fort Colville.’^’ Wilkes Expedi- 
tion. (3) Var. validus, "Taking the slender, high-northern form with even 
the leaves sometimes ' pedately^multifid, ’ as the original of the species, the 
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above name may be given generally to the stouter and larger forms, of lower 
altitudes or elevations, with more succulent leaves, ... to this belongs B. 
ca/rdiojyhylhis^ Hook., figured both in the PL Bor. -Am. & in Bot. Mag. t. 2999 
but with the style too long.’' This name is considered to be a new one for 
R. cardiophyUus and to be based upon the same type. (4) Var. pmetorum, 
“ 'Abundant in pine woods, at Gra, ham’s Park, 7,800 ft.’ southern Colorado, 
12 May, 1899, C. F. Baker.” The type is II Gr. 2547. (5) E. affinis lasiococcus. 
Lasiococciis apparently unintentionally substituted for lasiocarpics. 

30 A. Eanunculus cardiophyllus var. subsagittatus (A. Gray) L. 
Benson, Am. Jour. Bot. 27: 187. 1940. R. arizonicus Lemmon var. ml- 
sagittatMS A. Gray, Proc. Am. Acad. 21: 370. 1886. R. suhsagittatus 
Greene, Pittonia 2: 59. 1890. 

Stems scapose, 1-1.5 or 2.5 mm. in diameter, usually unbranehed below, 
1-3- or 4-flowered, a little fistulous, glabrous or pilose ; radical leaf blades 
simple, cordate or long-ovate or rarel.y subsagittate, 1. 5-4.5 cm. long, 1-4 cm. 
broad, crenately toothed, proximally cordate (often deeply so) or rounded 
and distall}^ rounded or obtose or acute, petioles pilose or glabrous, stipular 
leaf bases 1-2 cm. long; cauline leaves all bracts, c^^nsisting of 1-5 linear 
divisions ; petals 5, yellow, glossy on onl.y the distal part, obovate or obovate- 
obdeltoid, sometimes deeply emarginate, 7-15 mm. lof:ig, 5.5-13 mm. broad, 
the nectary scale oblong ; achenes mostly 20-50 in an ovoid head usually 5-6 
mm. long by 4-6 mm. in diameter, the achene beak slender, straight ; recepta- 
cle ovoid, 1-2 mm. long in flower and 4-7 mm. long in fruit. 

Mountain meadows and stream banks at 2,300 to 3,000 meters elevation ; 
east-central Arizona and west-central New Mexico. Mostly Western pine 
forest. July and Aiighst. 

Type collection: "North Arizona in De La Yergne Park of the San Fran- 
cisco Mountains, in wet ground, Lemmon.” Aug., 1884. 

e 

30 B. Ranunculus cardiophyllus Hook, var. coLORABENsishL. Benson, 
Am. Jour. Bot. 27 : 804. pL l.f. 7. 1940. 

Radical and lower cauline leaves ovate, the bases acute or obtuse, shal- 
lowly crenately-toothed ; petioles of the radical leaves 8-18 cm. long; petals 
oblanceolate-obovate, 5-10 mm. long ; otherwise like the typical species. 

Mountain meadows at 2,800 meters elevation; Silverton, Colorado. 
Northern coniferous forest. July. 

Type collection: "Silverton, Colorado, 9,500 elevation, Herbarium of the 
State Agricultural College of Colorado (collector not designated), July 3, 
1898. Type in the New York Botanical Garden.” An isotype from the Colo- 
rado State College Herbarium has been examined. 

31. Ranunculus Eastwoodianus L. Benson, Am. Jour. Bot. 27: 804. 
pll.f.lS.im. ^ 

Known only from the type collection at Skagway, Alaska. Northwestern 
coniferous forest. , , / 

Closely allied^ to R. pedatifidtis J. B. Smith. The species is named for 
Miss Alice Eastwood, Curator af the Herbarium of the California Academy 
of Sciences. b 



1941] 


BENSON : RANUNCULUS 


649 


Tijpe coll'ction: '^Skagway, Alaska, Louise Euffine, suiiinier 1925, Cali- 
fornia Acadeuiy of Sciences 138, 3S3C^ 

32. Eanunculus pedatifidus J. E. Smith in Rees. Cyclop. 29: B, sp. 
No. 72. 1819. B. affinis R. Br. Bot. App. Parry’s 1st Voy. 265. 1824. R. 
affinis var. leicocarpa Trantv. Middendorf ’s Reise 1: 62. 1847. B. vicinalis 
Greene, Pittonia 4: 145. 1900. R, aiJctaZif.s* l^arr, Ottawa Nat. 20: 110. 1906. 
A. pedatifidus var. leicooarpus Pern. Rhodora 19: 138. 1917. 

]\Ieadows in the Rocky Mountains at 2,800-3,500 meters in Colorado and 
at 800—1,500 meters in Alberta and tundra at low elevations on the arctic 
plains; Northern Asia; Yukon to Baffin Island, Labrador, and (Ireenlaiid 
and southward to Alberta and Saskatchewan; Wyoming (Albany County) 
and Colorado. Arctic-Alpine grassland and northern coniferous forest. June 
and July. * 

An apetalous form occurs in the Rocky Mountains from the Athabasca 
River to Banff and in Gilpin County, Colorado. It was collected also by Hall 
and Harbour in Colorado in 1862 (H.S.). 

Type collections: (1) B. pedatifidus, ''Native of Siberia. Pour specimens 
from that country ajp in the Linnaean herbarium. ...” (2) B. affinis 
"Collected in Melville' Island, By the officers of the Expedition,’’ "Chiefly 
in the vicinity of Winter Harbour . . . herbaria of Captain Sabine, Mr. 
Edwards, Mr. James Ross, Captain Parry, Mr. Fisher, & Mr. Beverly.” (3) 
Var. leiocarpa, "In speciminibus taimyrensibus omnibus Ranunculi affinis 
R. Br. ovaria prorsus glabra sunt. ...” Fernald ’s application of this varie- 
tal epithet was to a glabrous-fruited population best-developed in eastern 
Arctic America. Cf. also Pernald, Rhodora 36 : 93-96,’’ 97. pi. 279-80. 1934. 
(4) B. vicinalis, "At Port Selkirk on the Yukon River, in dry gravelly soil, 
9 June, 1899, -M. W. Gorman.” (5) i?. apetalus, "By the roadsides at Banff, 
Alberta.” / 

A forni' collected on Mt. San Francisco, Arizona {Little 4632, Sac), and 
on loose calcareous slopes near snow banks at 11,800 feet on the northeast 
side of Delano Peak in the Tushar Range in Piute County, Utah {Maguire 
19278, Herbarium of Utah State College) may be a new variety. It has the 
following characters: stems 4-15 cm. long; radical leaf blades 1-2 cm. long, 
deeply lobed or cleft into simple lobes, the upper lobes erect, the lower 
markedly divergent or somewhat reflexed ; petals none. 

33. Ranunculus Sabinii R. Br. App. Parry’s 1st. Voy. 264. 1824. 

Wet ground in arctic regions; Melville Island to Ellesmere Land and 
northwestern Greenland. Arctic-alpine grassland. July and August. 

Type collect ion: "Collected in Melville Island, By the Officers of the 
Expedition.” "Chiefly in the vicinity of Winter Harbour. . . .” "Plaiita 
inter R. iiivaleni et Pygmaeum media in Herb. H. SaBi/n^^^ extat. ” 

34^ Ranunculus inamoenus Greene, Pittonia 3: 91. 1896. B>, affinis 
R. Br"7^i;r. ynicropetalus Greene, Pittonia 2: 110. 189(^ B. micropetalus 
Rydb. Bull. Torrey Club 29: 158, 1902. 

Hirsute to subglabrous terrestrial perennials ; radical leaf blades simple 
and ovate, obovate, or orbiculat 1-4 cm. long, 1-3.5 cm. broad, at least some 
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radical leaves on each plant crenate, rarely some 3-lobed or -G vdded, proxi- 
mally more or less attenuate and distally roiinded, glabrous or appressed- 
pnbescent, petioles 4-10 cm. long, appressed-pnbescent, stipiilar leaf bases 

1.5- 2.5 or rarely 4 cm. long; eanline leaves alternate, the bracts of 3-5 
nearly linear lobes, sessile; pedicels 3-10 mm. long in flower and 10-50 or 
rarely 70 mm. long in fruit, api^ressed-piibescent ; sepals narrowly obovate, 
3-5 mm. long, about 2-2.5 mm. broad ; petals narrowly elliptic to obovate, 

2.5- 8 mm. long, 2-4 mm. broad; aehenes 60-100 in a eylindric or barrel- 
shaped head 7-17 mm. long by 6-8 mm. in diameter, each achene nearly 
obovate, about 1.5 mm. long, 1.3 mm. dorsoventrally, 0.5-0.6 mm. broad 
laterally, smooth, densely short-pubescent, margin inconspicuous, the 
achene beak slender, 0.8-0.9 mm. long, recurved; receptacle slender and 
eylindric, 2-3 mm. long in flower and 6-15 mm. long in fruit, hispid. 

Moist ground in the mountains at 2,000 to 3,000 meters elevation ; Rocky 
Mountain System from Alberta to Mt. San Francisco, Arizona and the 
Sacramento Mountains, New Mexico ; in Idaho collected in only Custer 
County. Western pine (loc%epole pine) forest. Mostly June and July. 

Type collections: (1) Var. micropeUiliis Arponicns. var. siihaffinis 
Greene,’’ Pittonia 2: 60. 1890, ^Ciot of Gray,” Proc. Am. Acad. 21: 370. 
1886. ‘'On the San Francisco Mountain (which some, recent explorers and 
visitors effect to call Mt. Agassiz) it grows along cold subalpine brooklets 
where it is associated with Blertensia Siherica, Primula Parry i, etc.” 
Greene’s collection from Mt. San Francisco in 1889 is designated as a lecto- 
TYPE. It is ITGr 1198. The petals of the type specimen are 4-5 mm. long. The 
short-petalled and small-fruited form, which includes practically every 
specimen from IJtalv. Arizona, and New Mexico, most of those from tlie 
northern Rocky Mountains, and many from Colorado might be recognized 
as a variet.y based upon B. affinis var. niicropetalus. However, ^‘radual inter- 
gradation is found in both characters, ancl it seems bettertQ consider B. 
inamoenus as variable in size of flowers and fruit, even though hmall petals 
and small fruit commonly accompany one another, and the two" characters 
are found together through a large but indefinite geographical range. (2) 
E. inamoenus, “Common in the whole Rocky Mountain Region, at middle 
elevations, and hitherto erroneously treated as a variety of the arctic B. 

That in 1890 Greene considered the central and northern Rocky 
Mountain plant somewhat different from his variety micropetalus on Mt. 
San Francisco, Arizona, is shown by the following statement, Pittonia 2: 
110. 1890, “It [var. micropetalus] differs from the Colorado and northern 
B. affinis only in its much more slender habit, minute flowers, and long 
cylindrical head of aehenes. ’ ’ Since there is no recorded change of opinion 
between 1890 and 1896, it may be assumed that the variety micropetalus is 
not the “variety of the arctic B. affinis’^ mentioned by Greene in 1896 and 
that the species inamoenus was based upon a different type. This viewpoin 
was taken by Rydberg, FI. Colo. 145. 1906. Coulter, Man. Rocky Mt. Bot. 8 
1885, recognized two varieties of B. affinis for the Rocky Mountains. Oiii 
was based upon E. cardiophyllus Hook. {B. affinis can^ddophy^us A. 
Gray, Proc. AcacJ. Phila. 15 : 56. 1864, which has now a later typoiiym, B. 
affinis var. validus A. Gray, Pr^c. Am. Acad. 21: 371. 1886.) Since the vari- 
ety cardiophylliis of Coulter’s^ Manual is d<^scribed as having 'ffiowers an 
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mch in diauwjer/’ it could not have been the type of if. inamoeriiis AV'itli the 
whole '^eoi'olla 3-5 lines broad.’' The other variety was identified by Coulter 
as if. var. leioearpns Trautv. and described as having' sniail flowers, 

and it is probable that Greene had this variety in mind when he described 
E. inanioenus, although the proof is not necessarily adequate. Since Greene 
gave no type and only a vague reference to a, variety of R. affinis, it is neces- 
sary to establish tlie identity of the species mamoenm by reference to the 
Herbarium Greeneanum, which contains 15 or 20 specimens. The following 
were collected by Dr. Greene prior to publication of the species, Nov. 9, 
1896 : Upper Bear Creek, Colorado, Greene in 1889 ; Dale Creek, lYyoming, 
Greene June 30, 1896. The writer designates the Dale Creek specimen, II. Gr. 
2639 and 2648, as a lectotype. 

Significant specimeais: Idaho: Bonanza, Custer County, Macbride & 
Fay son 3471, NY ; Cape Horn, Custer County, Macbride & Pay son 3621, 
NY. Colorado: (all with fruit larger than usual, 2 mm. long) : Eldora to 
Baltimore, Gilpin County, Tweedy 5688, NY; Berthoiid Pass, 11,000 feet, 
Tweedy 5689, NY (achene beaks nearly straight) ; Cuchara River above La 
Veta, 2,100 meters, Rydierg cC Vreelancl 6244, NY. 

34 A. Ranunculus^namoenus var. alpeophilus (A. Nels.) L. Benson, 
comb. nov. R. alpeop^iilus A. Nels. Bull. Torrey Club 26: 350. 1899, R. 
litaliensis Rydb. Bull. Torrey Club 29: 158. 1902. R. inamoemts var. alpe- 
ophilus L. Benson in Abrams, 111. PI. Pac. Sts. 2: (perhaps appearing in 
advance of tliis paper). 

Herbage practically glabrous; radical leaf blades 3-parted or some of 
them 3-lobed; achenes and usually the receptacle glabrous; otherwise like 
the typical species. 

Moist slopes in tlie mountains at mostly 2,500 to 3,000 meters elevation ; 
Yoho Valley, British Columbia; AVyoming and the East Humboldt (Ruby) 
Mountains, Nevada to Utah and Central Colorado. Western pine forest 
(mostly lodge pole pine). Summer. 

Type collections : (1) “Several collections of it have been secured, from 
nearly alpine stations in the State of Wyoming, growing in moist, rich soil. 
Nos. 1780 and 4211 b}^ the writer, and no. 5252 by Mr. Elias Nelson niay be 
cited as typical.” The type is established by the following excerpt from a 
letter received from Dr. Aven Nelson and dated December 21, 1938: “Re- 
plying to your valued inquiry concerning Ramincidus alpeophilus, I will 
state that my number which I have designated as type and which I find in 
our type case is 4211, Battle Creek Mountain, August 17, 1897, collected by 
myself.” (2) R. iitahensis, “Utah: Alta, Wasatch Mts., 1879, M. E. Jones, 
1130. (Type in herb. Columbia University.) ” This is a form with thick 
leaves and robust stems. 

34 B. Ranunculus inamoenus var. subafpinis (A. ^Gray) L. Benson, 
Am. Jour. Bot. 27: 187. 1940. E. arizomcus Lemmon var, stihaffinis A. 
Gray, Proe. Am. Acad. 21: 370. 1886. R. stihsagittatiis (A. Gray) Greene 
Yajc. suoftffints Greene, Pittonia 2: 110. 1890. R. stibaffinis Rydb. Bull. 
Torrey Club 24: 246. 1897. 

Stipular leaf bases 2.5-3 cm. long ; pedicelf 10-33 mm. long in flower and 
60-80 mm. long in fruit; sepak| obovate, 5-7 mm. long, 3. 5-4.5 m,m. broad; 

■4 ■ 
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petals mostly obovate or oboYate-laiieeolate, 6-9 mm. long, 2.5 W mm. broad ; 
aclieiies about 50-60 in an ovoid or cylindric bead 6-11 mm. long* by 5-7 mm. 
ill diameter, each acliene about 2-2.3 mni. long, 1.5-1. 7 mm. dors':'yventrally, 
the beak about 1.5-2 mm. long, straight (or bent or curved out of position 
in herbarium specimens), the margin a little more conspicuous than in the 
typical species or some achenesr showing evidence of a very broad margin. 

Moist ground near timber line at about 3,400 meters elevation ; Mt. San 
Francisco, Arizona. Northern coniferous forest. June and July. 

Type collection: '^Mt. Agassiz [Mt. S.an Francisco], LemmonT^ 4152, 
collected near the summit at 12,000 feet elevation, September, 1884. 

Significant specmiens. Arizona: Mt. San Francisco, Greene, in 1889, 
HGr, NY, Mearns in 1887, NY ; San Francisco Peaks, margin of the crater, 
10,300 feet, L. Benson 9628, B, UA; San Francisco Peaks, Whiting c& 
Sanders in 1935, UA; Near FlagstaF, P. L. in 1928, UA, Mt. San Francisco, 
Little 4697, Sac. 

35. Kantjncelus Allenii Pob. Khodora 7: 220. 1905. 

Meadows at 950-1300 nfMers (or lower northward) ; Akpatok Island and 
the Labrador Peninsula Labrador to Gaspe Count/, Quebec. Arctic-alpine 
grassland and northern coniferous forest. July and 

Type collection: ''Gaspe County, Quebec: on flood plain of an alpine 
Brook, north face of Mt. Albert, alt. 770 to 1100 m., 14 August, 1905. J. F. 
Collins & M. L. Fernald, no. 83. (Type, in herb. Gray.) 

36. Kanunculus verecundus Rob. B. verecundus Rob. apud Piper, 
Contr. U. S. Nat. H^rb. 11 : 274. 1906. R. ramidosiis Jones, Contr. W. Bot. 
14:47.1912. ■ 

Wet slopes near timber line from near sea level (northward) to 3,000 
meters elevation (southward) ; rare but widely distributeit7^|iussell Fiord, 
Central Alaska • Sawback Mountain, Alberta ; Mt. Stuart and' Mt. Adams, 
Washington; Strawberry Mountains, Oregon; Woolly Creek, Siskiyou 
County, California ( ?) ; Custer and Blaine Counties, Idaho; Long Baldy, 
Little Belt Mountains and Glacier National Park, Montana. Arctic-alpine 
grassland. July and August. 

Type collections: (1) P. verecundiis, "Wet, gravelly places, Mt. Paddo 
[Adams], alt. 1850-2150 meters, July 31, 1883, W. N. Snksdorf 93. (Type in 
Hb. Gray.)” (2) B. ramtdosus, "Swift Current Pass, Glacier National 
Park, 7,000 feet, if. E. Jones August 11, 1910.” Herbarium of Pomona 
College. 

Significant specims?is. Alaska, Washington, Oregon, California, and 
Idaho, cf. L. Benson, Am. Jour. Bot. 23: 170. 1936. Alberta: Sawback 
Mountain, Sanson 140, NY. Montana: Long Baldy, Little Belt Mountains, 
Flodman 469, NY^; Mineral Park, Glacier National Park, 7,000 feet, Jones 
in 1910, P; Swift Current Pass, Glacier National Park, 7,000 feet, Jpnes in 
1910, P; Sexton Qdaeier, Siandley 17230, US. ^ ^ 

37. Eanunculus Eschsci|DLTzii Sehlect. Animad. Eanunc. 2: 16. pi. 1. 
1820. R. nivalis L. var. Esakscholtsii S. ^¥ate. King’s Kept. 5: 8. 1871. 
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B. ocrcafuR (>eeiie, Pittonia 4: 15. 1899. 'E. Helleri livdb. Biill Torrey 
Glub 29: 158. 1902. B. EschscJioltzii var. Helleri L. Beiisoii, Am. Join*. Rot. 
23: 169. ime. 

Gaii(Iex'l-2 cm. long*, 3-6 mm. in diameter; radical leaf blades simple, 
semi-circular to reiiiform, 1.3-3 cm. long, 2.5-4 cm. broad, deeply :;b|)arted, 
the middle lobe again 3-lobed or entire, tbe lateral asymmetrii-ally 3-7- 
parted, the ultimate lobes and sinuses rounded, the blade proximaily triin- 
cate or rouiided, petioles 3-8 cm. long, stipular leaf bases 1-1.5 eiu. long, 
a.iinualli’' deciduous or disintegrating; petals 5 or usually 7-10 mm. long, 
5-10 rnm. broad ; achenes glabrous. 

Boreal and Alpine meadows and talus slopes from the Aleutian Islands 
and coastal Alaska to Crater Lake and scattering stations in tlie central 
Sierra Nevada, California, to the Wallowa Mountains in Eastern Oregon, 
to the East Humboldt or Ruby Mountains in Nevada, and to Alberta, Utah, 
and Colorado; IVIt. San Francisco, Arizona; possibly New Mexico. Arctic- 
Alpine grassland. July and August. ^ 

The form south of the Canadian boundary has commonly an entire and 
lingulate middle leaf lobe (previously described as var. Helleri). A Utah 
and Colorado form h^^ the stipular leaf bases often 1. 5-2.5 em. long (i?. 
ocreatus Greene). 

Type collections: (1)R. Eschscholtzii, ^Mlab. in insulis Unalascha et St. 
Georgii (de Chamisso).” (2) R. ocreatus, '‘Collected by Baker, Earle, & 
Tracy on Mt. Hesperus, Colorado, 2 July, 1898 (n. 912).” The type is HGr. 
2740. (3) R. HeUeri, "Idaho: near Lake Pend d’Oi'eille, 1892, Sandberg, 
MacHoitgal, cf Heller 842 (type in N. Y. Bot. Gard.).'"” The type has not 
been located at the New York Botanical Garden, but an isotype is in the 
Dudle.^' Herbauiiin at Stanford University. 

Significant specimens of R. Eschscholtm and its Pacific States varieties, 
cf. L. Benson, Am. Jour. Bot. 23: 169-170. 1936; also California: Piute Mt., 
Sierra Nevada, Jepson 4579 J; Mt. Dana, Yosemite National Park, M. S. 
Baker 4293 b (Santa Rosa Junior College Herb.) and a few other collections 
from tlie central Sierra Nevada. 

Key to the Varieties 

Ultimate basal leaf lobes and sinuses usuallj sharply acute, rarely obtuse in 
var. c.r/n/b/.v. 

Basal leaf blade deeply parted, the middle lobe again S-lobed 37A. var. SuJcsdorfti. 

Basal leaf blade cleft, rarely parted, the middle lobe entire 37B. var. eximius. 

Ultimate basal leaf lobes rounded or obtuse, at least not sharply acute. 

Caiidex 1-2 cm. long, unbranched; scarious or thickened stipular leaf 
bases 1-2 cm. long, deciduous or disintegrating anna ally ; achenes 
glabrous 37. B. EschscJioUsii. 

Caiidex ^.5 or 3-7 cm. long, often, branched; thickened stipular l^if bases 
1.5-3 em. long, usually persistent for 2 or more seasons. 

Middle basal leaf lobe again 3- to 7-lobed; achenes pubescent or gla- 

'broils ; leaves deeply parted 37G. var. trisectm. 

Aliddle basal leaf lobe entire, or very rarely 3 lobed; aehenei} gla- 
brous; leaves usually cleft, rarely partedi 371). var. oxynotiis. 

,1 ” 

0 
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37 A, Eanunculus Bschscholtzii var, Suksdoepii (A. ^ray) L. Ben- 
son, Am. Jour. Bot. 23: 170. 1936. B. Buksdorfk A. (Jray, Prbc. Am. Acad, 
21:371.1886. / 

Caiidex 1-1.5 or rarely 2.5 cm. long*, 3-5 or 7 mm. in dianie-mr ; radical 
leaf blades thin, deeply 3-parted, tlie middle lobe again 3-lobed, the ultimate 
lobes and sinuses sharply acute, scarious stipular leaf bases 1—2 cm. long, 
annually deciduous or disintegrating ; petals 7-11 mm. long, 5-10 mm. 
broad ; aehenes glabrous. 

Mountain meadows and slopes at 1,700-2,000 meters elevation ; Washing- 
ton in the Olympic and Cascade Mountains; Idaho; Western Montana; 
Northwestern Wyoming. Arctic-Alpine grassland. July and August. 

Plants from Idaho, especially the southern part, and from Wyoming are 
intermediates between var. Suksdorfii and Raniinciilus adoneus A. Cray 
var. alpinus (S. Wats.) L. Benson. 

Ty'pe collection: ‘‘Mt. Adams, Washington Terr., at 6,000 to 7,000 feet, 
in damp ground, Biiksdorf^^’ 1884. 

37 B. Eanunculus Bschscholtzii var. eximii^ (Greene) L. Benson, 
comb. nov. R. eximhis Greene, Erythea 3: 19. 1895. R. saxieola Eydb. 
Mem. N. Y. Bot. Gard. 1 : 64. 1900. t 

Caudex 1-2 cm. long, 3-7 mm. in diameter ; basal leaves usually thin, cleft 
or rarely parted, the middle lobe- entire, the ultimate lobes and sinuses 
sharply acute, or rarely somewhat obtuse, scarious stipular leaf bases 1-2 
or 2.5 cm. long, annually deciduous or disintegrating ; petals 8-12 or some- 
times 17 mm. long, 6-11 or 19 mm. broad; aehenes glabrous or rarely hairy. 

Alpine meadowsrat 2,300-3,000 meters; mountains of Western ]\Iontana 
and Northwestern Wyoming; Big Horn Mountains and Battle, Carbon 
County, Wyoming {Tweedy in 1901); Fremont CountAg^lylaho ; La Sal 
Mountains, Southeastern Utah ; Mt. San Franeisco, Arizona. ' Arctic-Alpine 
grassland. July and early August. 

This variety is related to R. adoneus. 

Type collections: (1) R. eximius^ 'AV most beautiful alpine and sub- 
alpine species of the Eocky Mountains in Colorado, Wyoming, and Idaho, 
apparentl,y vsomewhat rare, but gathered sparingly, and in poor specimens 
even bj^ Hall and Harbour, in whose collection it is mixed with R. adoneus 
as far as distributed. Better specimens have been obtained by Mr. Buffum 
of Laramie.’^ The following specimen is designated as a lectotype: Little 
Bald Mountains, B. C. Buffttni in 1892, IIGr 2592. (2) R. saxieola, ^^Mon- 
TANA: Cedar Mountain, July 16, 1897, Rydberg & Bessey, 4112 and 4113; 
Mill Creek, 1887, Tweedy 192. Yellowstone Park: Bleetric Peak, August 
18, 1897, Rydberg & Bessey 4111; 1895, Tweedy, 192; Mt. Holmes, 1884, 
Tweedy, 301.^^ No. 4112 of Rydberg & Bessey from Cedar Mountain, Mon- 
tana is designatecFas a lectotype. It is in the New York Botanical Garden. 

A'peefmem Arizona.* Mt. San Franciseo, 10,500 ft., Whiting 
& Banders Cat. Nb. 756/1060, Museum of Northern Arizona Herbarium. 

37 C. Eanunculus Eschscholtzii var. trisectus (EasUv.) L. Benson, 
Am. Jour. Bot. 23: 170. 19311 R. trisectus Bastw. apud Eob. Proe. Am. 
Acad. 45: 394. 1910. ' 
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Caiidex 1 pT 3-6 cm. Jong*, 4-7 mm. in diameter, nsiiall>^ braiiehed ; basal 
leaves usual iy thin, deeply 3-parted, the middle lobe ag^iii 3- to 7-lobed, 
searions Sf'ipular leaf bases 1.5—2. 5 cm. Jong, nsiially persistent for a season 
or more afiei* death of the leaf; achenes hispid or glabrous. 

Mountain slopes and meadows at 2,000-3,000 meters eleAVitiori; Yolio 
River, British Columbia and Spray River, !A.iberta ; Wallowa, Strawberry, 
and Steen Mountains, Eastern Oregon; Payette Lake, Idaho; Black Rock 
Creek, Teton National Forest, Wyoming. Arctic- Alpine grassland. Mostly 
July. 

Closely related to Rarnmculus adoneus. 

Type colleetion: ''Alpine Wallowa Mountains, Eastern Oregon, Altitude 
2745 in., grooving at the base of clitfs, William C. CiisicJc No. 3200.’’ 

37 1). Ranunculus Eschscholtzii var, oxynotus (A. Gray) Jepson, 
FI. Calif. 1 : 537. 1922. E. oxynotus A. Gray, Proc. Am. Acad. 10: 68. 1875. 

Caudex 3-7 mm. long, 5-12 mm. in diameter, often branched ; basal leaves 
thick, cleft or rarely parted, the middle lobe entire and lingiilate or rarely 
(Tulare County) Sdobesl, the 2 lateral lobes crenate, stipiilar leaf bases tliiciv 
and persistent for one or more seasons ; achenes glabrous. 

Mountain ineadowslmnd talus slopes at 3,000-3,850 meters; California in 
the Warner Mountains, in the Sierra Nevada from Mt. Stanford (Castle 
Peak), Sierra County to Tulare County, in the MTiite Mountains of Inyo 
Countf^ and in the San Bernardino and San Jacinto Mountains. Arctic- 
Alpine grassland. Mostly July. 

Type collection: "California, near the summit of C2.stle Peak [Mt. San- 
ford], Sierra County, at 9,000 feet, J. G. Lemmon.” 

38. RANUhuuLUS adoneus a. Gray. Proc. Acad. Phila. 15 : 56. 1864. 

Caudices 3-4 cm. long and 4-10 mm. in diameter, often as many as 9 in a 
cluster, closely and densely clothed wdth dead leaf bases ; radical leaf blades 
finely divideci, semi-circular to reniform in outline, 1-2 cm. long, 2-3 cm. 
broad, deeply parted, the primary divisions again twice-lobed into linear 
segments, proximally truncate or cordate and distally rounded, petioles h-10 
cm. long, stipular leaf bases 3-4 cm. long, persisting one or more seasons; 
cauline leaves alternate, about 2, the bracts dissected, sessile ; petals when 
fully expanded 13-18 mm. long, 10-19 mm. broad; achene beak filiform, 
1. 2-1.5 mm. long, falcate-curving and often recurved. 

Moist ground above timber line at 3,000-4,000 meters elevation; North- 
w^estern Wyoming; occasional in the Wasatch; and Uintah Mountains, Utah; 
Colorado. Arctic-alpine grassland. July and August. 

Type collection: "No. 81 of last year’s eoilfction by Dr. Parry.” Rocky 
Mountains in Colorado Territory, 1862. ^ # 

38 A. Ranunculus adoneus var. alpinus (S. Wats.) L. Benson, comb, 
nov. Hook. var. alpimcs S. Wats, in King’s Rep’t. 5:9. 

1871. B. stenolohus Rydb. Bull. Torrey Club 29: 159. 1902! 

Caudex 2-3.5 cm. long, flowering stems l|-30 cm. long, more branched 
than in the typical species; u^imate leaf divisions 1-2 mm. broad, the 

■ b 
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stipiilar leaf base more frequently searious tlian tliiek, 2-^.5 cin. lon^; 
petals wlien fully expanded 8-13 mm. longy aeliene beaks uj>iially not 
reeurved. / 

Near snow banks at 3000-3500 meters elevation ; northwestern Wyoming 
and the Wasatch and Uintah Mountains, Utah. Arctie-alpine grassland. Juh' 
and August. 

Numerous Idaho and western Wyoming specimens connect this variety 
with B. Eschscholtzii var. Siiksdorfii, 

Type collections: (1) Var. alpinus, ''The large form occurs in low lands 
in Washington Territory; the variety, in the Wahsateh Mountains, at an alti- 
tude of 10,000 feet; July.'’ The type is Wasatch Mountains, Utah, JOtli 
Parallel, 10,000 (9,000 on some labels) feet, 8. Watson in July, 1869. Con- 
fused with B. ortliorhynchiis probably because of the dissected leaves. (2) B. 
stenolobus, 'ANyoming: Headwaters of Clilf Creek, 1900, C. C. Curtis (type 
in herb. N. Y. Bot. Gard.)." 

39, Ranunculus nivalis L. Sp. PI. 553. 1753. B. nivalis f. suhglobosns 
Polunin, Bull. Nat. Mus. Can. (92) pt. 1: 215, pi. 6./. (6), upper left. 1940. 

Bogg}^ tundra mostly near sea level or up to 800 meters elevation near 
Mt. McKinley, Alaska ; eircumboreal ; Northern Alasaca and along the shore 
and islands of the Arctic Ocean to Labrador; Greenland and Iceland. Arctic- 
alpine grassland and tundra. July and August. 

A specimen from Capitol Peak, Colorado {Penland 1512, Chi) is prob- 
ably this species. According to Dr. Penland, none of tlie specimens have 
fruit. The glabrous receptacle agrees with B. nivalis. The plant shows some 
resemblance to B. adoneus, however. 

Type collections: (1) B. nivalis, ‘^Habitat in alpihus B^poniav, Helve- 
tiae.^^ The following statement appears in Rees' Cyclopedia, volume 29 
(pages not numbered; Banunculus under '‘R"), "Pound by Linnaeus in 
Lapland, by the alpine rivulets on the snowy mountains of that country. 
Martens had previously gathered it in Spitzbergen. '’ (2) f. subglobosus, 
"Tvpe in the British Museum: Nicholas Polunin, Wohlstenholme, Hudson 
Strait, No. 233, August 27, 1934." 

40. Ranunculus sulphureus Phipps, Yoy. N. Pole 202. 1774. B. altai- 
ciis Laxm. Nov. Comm. Acad. Petrop. 18 : 533. 1774. 

Tundra near sea level; eircumboreal; Bering Straight and St. Paul 
Island, Alaska ; Canadian Arctic Archipelago and the land adjacent ; Gulf 
of St, Lawrence; Greenland; perhaps Iceland. Arctic-alpine grassland and 
tundra. Late June to early Si'ptember. 

Type collections: (1) B. slilphuretis. The following is quoted from a letter 
from Dr. H. W. Riekett of the New York Botanical Garden : "Noliabitat or 
location given. But on p. 58 he mentions sending a party ashore on Low 
Island, off the coal^t of Spitzbergen, and quotes Dr. Irving thuk yd ground 
was 'covered with moss, scurvy grass, sorrel, and a few ranunculuses then in 
flower. ' Since this is the only il^iention of vegetation in the text, it is probable 
that B. sulph ureus was collected then (Julyf29). The work on plants is often 
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but rather <i*rMiiid]ess]y attributed to Solaiider. On pp. 12-1:] nf Tntrntluc- 
tioii, Pbil)])s aeknowledges his indebtedness to Paidcs ‘tor his assistain-e in 
drawing' ih the account of the productions of that countiy/ ft Solaiuho' had 
had a ham', lie would have mentioned it. If specimens exist tiiey slmuld he 
in Brit. Museum.’' (2) B. altaicus. The following* is quoted from Dv, BiOvett : 
''Exclude from description reference to Tvtb. YII., whicli is an ernn* tor 
Tab. VIII. After the detailed description is the following : ‘ Circa iimmi dunii 
in alpium nivosaruin planitie muscosa florenum inveiii.’ And in the alistraO 
on p. 49 of same volume he says 'in fissuris praedictarum alpium ninbrosis 
habitans.’ Laxinan lived, and presumably collected, in Kolivan, near tla^ 
present No^msibirsk in the province of Zapadni. The Altai range begins about 
here. Note also the following introductory remarks: 'In describendis plantis 
sibiricis pergens, niinnullas illaruin tantum nunc botanicis offerre voliii, 
quas in sumiiiLS altaicorum nontium aeterne nive tectorum cacuminibiis legi, 
quaeque inihi maxime singulares visae sunt.’ The type of R. altaicus would 
therefore come from alpine locations in the Altai mountains. ’ ’ 

41. Kanunculus Macauleyi A. Gray, Proc. Am. Acad. 15: 45. 1879. 

Meadows in the niountains at 3,400 to 3,800 meters elevation; Rocky 

Mountain System in Southwestern and South-Central Colorado and North- 
ern New Mexico. Arctili-alpine grassland. July. 

Type collection: "Rocky Mountains in San Juan Co., Colorado, Lieut. 
C. IT. McCauley, Mr. P. N. Pease.’’ ''McCauley collected 2 specimens . . . in 
the summer of 1877.” 

42. Ranunculus Grayi Britt. Bull. Torrey Club 18: 265, 1891. I?. 
peclcitifidiis Hook. FI. Bor. Am. 1: 18. PL 8. /. R. i829, not J. E. Smith in 1819. 
R. Hookeri Regel, Reiseii Ost-Sib. 1 : 47. 1861, not Schlect in 1834. R. Dr nm- 
mondii Greene, Erythea2: 192. 1894. 

High peaPVuf the Rocky Mountains in Alberta (lat. 52°-55°, Drum- 
iiiond) and in Colorado (Gray’s Peak, Patterson and at 13,000 feet elevation 
near Iroiiton, 8. II. Camp in 1893.) The writer has seen only the Ironton 
specimen. Hooker’s figure shows a plant with more deeply- and completely- 
dissected leaves and with sepals nearly as long as the petals. The ap]:)arent 
relationship is to R. Esckscholtzn Schlect. Arctic-alpine grassland. Summer. 

Type collection: "Barren summits of the Rock}^ Mountains, on the east- 
ern side of the ridge, lat. 52° to 55°, Drummond.’d The later names are based 
on the same type. 

43. Ranunculus pygmaeus Wahl. FI. Lajp. 157. 1812. 

Radical leaf blades simple, semicircular, ^9 mm. long, 6-11 mm. broad, 
3-parted or -divided, the middle lobe entire, tl« lateral 2-3-lobed, proximally 
truncate or nearly cordate and distally roumed in outline, petioles 1-3.5 
cm. long, .stipular leaf bases up to 1 cm. long\eauline kaves alternate or 
practically opposite, the bracts divided, sessile; achenes 40-50 in an ovoid or 
subglobose he^d 2.5-4 mm. long by 2.5-3 mm. in diameter* 

Damp TiLimdows and tundra at low elevations near the Arctic Sea and up 
to about 1,600 meters elevation in Alberta ; icircumboreal ; Alaska to the 
Canadian Rockies; Ellesmerelafid to Labracfor; Greenland; SpitzbergeiL 
Arctic-alpine grassland. July September. 
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43 A. Eanunculus pygmaeus var. petiolulatis Fern. RiiMora 19 : 137 . 
1917 . ' ,, 

Eadieal leaf blade divided, the divisions, sometimes shortly Fetioliilate, 
the middle division again 3-lobed, the lateral divisions 2- or 4-lobed or -cleft ; 
head of fruits eylmdrieal, 5-7.5 mm. long and 3-4.5 mm. in diameter. 

Damp, mossy hollows at 950-1,000 meters ; Mt. Albert, Gaspe Coinity, 
Quebec. Arctic-alpine grassland. August. 

Type collection: ‘^‘'Quebec: damp mossy hollows in shade of amphibolite 
rocks, altitude 950-1000 m., Mt. Albert, Gaspe County, August 8 & 10 , 1905 , 
Collins & Fernald, no. 82 in large part (type in Gray Herb.). . . . On Mt. 
Albert collections were made on two days at different points and all the 
material distributed under one number. The full sheet retained at the Gray 
Herbarium contains a few plants of true R. pygmaeus^ but most of the speci- 
mens (presumably from a different station) are the variety.^’ 

44. Eanunculus rhomboideus Goldie, Edinb. Jour. 6: 329. 1822. (?) 

Banimculiis ovalis Eaf. in Desv. Jour. Bot. 4 : 268. 1814, nomeyi niidum. B. 
brevicemlis Hook. FI. Bor. .^m. 1 : 13. 1829. 

Prairies from Moose Jaw to Manitoba and Ontario and from the Dakotas 
to Michigan. Prairie grassland and northern coniferous and northeastern 
pine forests. March to May. !<■ 

Type collections: (1) E. ovalis^ Canada. Many authors have attributed 
this name to B, rhomboideus, but there is little evidence that it was applied 
to that species, cf. Pern. Ehodora 38 : 175-7. 1936. (2) B. rhomboidetts, ‘Hn 
dry sandy fields, near Lake Simcoe, Upper Canada [Ontario].’’ Collected 
by Goldie in Ontario County. (3) R, brevicaidis, ‘SShores of Lake Huron. 
Dr. Richardson. Drimmond.” 

45. Eanunculus glaberrimus Hook. FI. Bor. Am. 1 : 12. pi. 5. f. A. 1829. 
B. Austinae Greene, Erythea 3 : 44. 1895. 

Sandy soil in the sagebrush region at 300-1,700 meters“^vation North- 
ern Great Basin from British Columbia to Plumas County, California, and 
to Western Montana, and Western Colorado; Newell and Dickinson, South 
Dakota. Northern desert. April and May; the first flower of spring through 
much of its range. Both varieties are described in Abrams, 111. PL Pac. Sts. 
vol. 2. (in press). 

Type collections : (1) E. glaherrimus, Common on the mountains around 
the Kettle Palls [Columbia Eiver in Washington] and on the Eocky Moun- 
tains near the limits of perpetual snow. Douglas.^ ^ The Kettle Falls specimen 
is designated as a lectotype. (!*p B. Austinae, “Crevices of lava rock east of 
Willow Creek Valley [Modoc i County] in Northern California, Mrs. E. M. 
Austin, 1894. Species evidently allied to B. glaberrinius, though very dis- 
tinct by its slender habit, snof 'Avhite petals, and elongated head of achenes.” 
The petals of B. glab errimusf dike those of many other Banuncidi, turn white 
when they wither. The habit and head of achenes are normal for^E. glaber- 
rimus. A review of the Herbarium Greeneaimm in 1935 failed to reveal the 
type specimen. Isotypes : TJ8 1466016, NY, UG. 

45 A. Eanunculus glaberrimus var. ellipticus Greene, PL Fran. 1 : 
298. 1892. B. ellipticus Greeile, Pittonia 2 : 110. 1890. E. Waldronn Lunell, 
Am. Midi. Nat.' 3: 12. 1913. 

Mountain meadow^s and the edge of the Great Plains at 1,500 to 3,000 
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meters elevation ; from Lytton, British Columbia, through the Great Basin 
and Ixoclv^ Slonntains to Truckee, California, western JMontana, western 
South Darota and Colorado ; North Eim of the Grand Canyon, Arizona ; Rio 
Arriba County, New Mexico. Western pine forest; plains grassland. A]-)ri] 
to J une. 

Type collections: (1) E. ellipticus, “Lower and Middle mountain dis- 
tricts of Colorado, Utah and Nevada to eastern California,” Since there was 
only one California collection, the writer proposes it as a lectotype: AVet 
gravelly ground on road to Donner Lake [from Truckee] C. F. Sonne, May 
16, 1886, HGr 2583. (2) B. Waldronii, “The type was collected on May 14. 
1912, in a moist pasture at Dickinson, Stark County, in the southwestern 
part of this state [North Dakota] . . . named in honor of its first collector, 
Mr. Clarence H. Waldron. ...” The type was kindly sent to the Univer- 
sity of Arizona for examination by Dr. C. 0. Rosendahl of the University of 
Minnesota. 

45 B. Ranunculus glabeeeimus var. REcoN,piTus (Nels. & Maebr.) L. 
Benson, Am. Jour. Bot. 23: 170. 1936. R. triternatus A. Gray, Proc. Am. 
Acad. 21: 370. 1886. S. reconditus Nels. & Maebr. Bot. Gaz. 56: 473. 1913. 

A^ernally moist slopes at 1,000-1,200 meters; Klickitat County, AA^ash- 
ington, and near The 'Dalles, Oregon. We.stern pine forest (?)• April and 
May. 

Type collection: “Klickitat Co., AA^ashington Terr., on high hills near 
Goldendale, Howell, by whom it has been distributed under the name of B. 
Hookeri.” April 20, 1882. 

Significant specimens, cf. L. Benson, Am. Jour. Bot. 23: 170. 1936. 

• 

46. Ranunculus verticellatus Eastw. Bot. Gaz. 33: 144. /. 3. 1902. 

Kiiow.li only from the type collection at Cape Nome, Alaska (fide type 

specimen). A:,Sii(3--alpine grassland. Summer. 

Tyi^e collection: . . collected at Nome City during the flowering sea- 

son of 190D.’^ ‘'Plants collected by Dr. P. E. Blaisdell at Nome City, 
Alaska.’’ 

47. Ranunculus Jovis A. Nels. Bull. Torrey Club 27: 261. 1900. II. 
digitatus Hook. Kew. Jour. 3: 124. pi. 4. 1851, not G41ib. in 1781, not Willd, 
in 1842. B, oreogenes Greene, PL Baker. 3: 2. 1901. 

Moist ground of inountain meadows and near snowdrifts at 1,900-3,000 
meters elevation ; Fremont County, Idaho ; Havallah Moantains, Nevada ; 
iiortliAvestern Mwoming; Wasatch Mountaiii| Utahj Cerro, Southern Colo- 
rado. Northern coniferous forest. April to luly, depending upon latitude 
and altitude. I 

Tijpe collections: {1) B. ‘‘Hab. m Rocky Mountains, near Port 

Hall.' i¥r. Burke.’’ (2) B. Jovis, “The type\o. is SSl^, collected on the 
ThundereT, Yello^vstone Park, July 13, 1899, ^^lessrs. Elias Nelson & L. 
N. Gocxlding. ” (3) B. oreogenes, “at Cerro Summit above Cimarron, 7 June, 
no. 50,” Baker. HGr MJO. The disposal of this®species should be 

recheeked wuth the type. ^ 

Department OF Botany, Ui^ivERSiTY OF ifeizoNA 

Tucson, Arizona 



STUDIES IN THE GENTIANACEAE : GENTIANA, 
SECTION PNEUMONANTHE, SUBSECTION 
ANGUSTIFOLIAE 

Egbert T. Clausen r 

(with one figure) 

The plants known popular] y'a.s Pine Barren g'entians eonstitiite a natural 
subseetion of the genius GenMana. This irroup is characterized by the narrow 
leaves, the usually solitary flowers and the long' corolla-lobes which far ex- 
ceed the plaits and are either spreading or refiexed. The subseetional name, 
Angiistifoliae, apparently introduced by Small (1933) ^^^ithout Latin diag- 
nosis, may now be formally described as: Subsectio AngnstifoUae Small, 
sectionis Pneiimonanthef generis Gerifiana, foliis linearibus, floribus fere 
solitariis, lobis eorollae longis, sinus miilto excedentibiis, aiit expandentibus 
aut reflexis. Other species of the section PneumonantJie have broader leaves 
and the corolla either cylindrical or, if infundibuliform, with the lobes more 
or less erect, not widely spreading. 

r • 

KEY TO SPECIES OB^ SUBSECTION ANGUSTIFOLIAE 

# 

A. Stamens and pistil usually equaling the tube of tlie corolla at time of 
antliesis; corolla blue (rarely pink or white) dotted with green on 

inside of tube; plants tall, 1.5-4 dm. high ; 1. G. porphyrio 

AA. Stamens and pistil one-half to two-thirds the length of the corolla tube ^ 
at time of antliesis ; corolla white dotted with green on inside of tulie ; 
plants relatively low, 1-3.6 dm. high, usually 2.5 dm. or less 2. G. pennellkma 

1. Gentiana PORPHYRIO J. P. Gmeliii, Syst. Nat. ed. 13. 2 : 462. 1791. 

Geniiana piirpurea Walter (not Linnaeus, 1753), PL Car. 109. 1788. 
No type is extant. The original description designates tii’^aorolla as in- 
fundibuliform, lively purple within, the stem simple and the leaves linear. 
Except for the color of the inside of the corolla, this diagnosis fits the com- 
mon Pine Barren Gentian. The color discrepancy is troublesome, but there 
seem to be two possible explanations for that. Walter may have had a speci- 
men of the pink variety^ which is now known from southeastern North Caro- 
lina, or he may have based his notes on an herbarium specimen which had 
faded from blue to purple, as frequently happens in dried material. In any 
ease, there is no other species of gentian, knoW'n from the Carolinas today, 
which has an infundibuliform corolla, truly linear leaves and a simple stem. 
Piirther, regarding the color, both Elliott (Sketch Bot. S. C. & Ga., 1: 341. 
1821) and Darby (Bot. So. St '^p. 436, 1791), clearly referring to the same 
plant as that under discussion' stated that the corolla is blue tinged with 
purple. Since Gmelin’s G. pofphyrio is simply a new^ name substituted for 
Walter's G. purpurea beeausf of the earlier homonym of Linnaeus, applica- 
tion of the epitliA^porpJiyrupmxiA rest on interpretation of Walter's species. 

Gentiana angustifolia Michx., FI. Bor.- 2 \m. 1: 177. 1803. Described from 
meadow^s of longer "‘Carolina and said to have narrowly linear leajQ^. 

Dasystephann porphyrio ( J. F. Gmelin) Small, FI. S. E. IT. S., 931. 1903. 

Gentiana Stoneana Fernand, Ehodora 41: 555. pi. 579. 1939. The type 
specimen, in The Gray Herbarium, is illustfuted in Rhodora. It is from a 

mo ' 
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siliceous mikI argillaceous thicket north of Factory Hill,” NiniseTnoiKl (Vr. 
Va., FcDiaU:^ and Long no. 9611. Argument for this new iicinn' ]*ests on il.c 
tliesis th;.)t Walter’s description, on which depends the ijpplination of 
pfn'p/c//rm'(hneliiL really applies to another species of y^hWh spechinens m-e 
listed from Southampton Co., Va., Beaufort Co., S. C., and eastern N. C. 
Examination of this material indicates thatAhe leaves are not linear, nor are 
the corollas truly infundibuliform. These plants belong to G. parrifoiia 
(Nutt.) Britton, not to G. purpurea Walter. Although the flow(M*s of the 
Pine Barren Gentian are distinctly funnelforni, a fact attested by many 
authors, as Small (1933, p. 1052, 1054), Fernald Avrote, 'H find myself quite 
incapable of believing, when Walter described a plant with infundibuliform 
corolla li^^ely purple wdthin, that he referred to a plant with rotate azure- or 
indigo-blue flower. ’ ’ On this basis, Fernald renamed the species. 

Slender perennial, 1.5-4 dm. high from a cluster of several fibrous roots 
wdiieh are 1-4 mm. thick ; basal leaves narrowly elliptic, 1-4.5 cm. long, 6-7 
mm. wide; canline leaves linear, acute or obtuse, with the margins somewhat 
revoliite, 0.7-6 cm. long, 1-4 mm. wfide ; flowers usually solitary and terminal, 
rarely two or three borne on pedicels in the axiJs of the upper leaves ; calyx 

2- 3 cm. long, wdth thertube 0.8-1. 2 cm. long and the lobes linear, acute, 0.8- 
2.3 cm. long ; corolla funnelforni, 3-5.5 cm. long with the tube 3.0-4 cm. long, 
greenish blue on the olitside, blue spotted with green within ; plaits lacerate, 

3- 6 inni. long, deep blue; lobes 1. 0-1.5 cm. long, spreading or reflexed, deep 
blue, spotted with green belo%v ; stamens as long as the corolla tube ; anthers 
yellow; pistil 2.5-3. 5 cm. long; stigmatic lobes recurved, 2-5 mm. long. For 
an excellent description of the color of the flower, see the aeeount bv Pennell 
(1916). 

Gentiana porphyrio is a plant of the Atlantic Coastal Plain, ranging from 
Monnioiith County, New Jersey, to Florence, Florence County, South Caro- 
lina, and inland^ as far as Hartsville, Darlington. County, South Carolina, 
Aberdeen, Scotland County, North Carolina and Fayetteville, Cumberland 
County, North Carolina. The characteristic habitat is in sandy pine barrens, 
■where the plants may occur in situations ranging from the dry pine "woods 
to moist peaty depressions. Data witli one collection from near South Quay, 
Nansemond Cd)unty, Virginia, indicate that the plants were growing there 
in hard gray cl a}”. * 

Specimens seend Northernmost — pine woods, Monmoiith Co., N. J., Tor- 
rey Herbarium (NY) ; easternmost — ManahaW'ken, Ocean Co., N. J., Bayard 
Long (GH) ; ^vestermnost — Hartsville, Darlington Co., S. C., J. B. Norton 
505 (US) ; southeriiniost — 10 miles east of Florence, Plorence Co., S. C., 
A. N. Leeds 1622 (PH) ; oldest — Sept., ISllf Batsto, Burlington Co., N. J., 
ex herb. F. J. Biimstead (Corn) ; no. of colleltions seen — 61. 

The flowering time is earlier in the nortlMnd later in the south. From 
a study of data on herbarium sheets, extremMates for flowering speciinens 
in New J-ersey are September 1 and October 2^in^North Carolina, October 
11 and December 15; and in South Carolina, O^ober 25 and November 4. 
Probably floAvers may be found in South Carolina much® later than is indi- 
cated hei*e,'hut at present few collections are available froi^ that state. 

1 Names of herbaria are abbreviated as: (Corn) Dept, of Botany, Cornell University; 
(GH) Gray Herbarium, Harvard UiAiversity; (NY) ^New York Botanical Garden; (Pii) 
Academy of Natural Sciences of 7 Bbiladelpliia ; and (US) United States National 
Herbarium. 1 . 
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Tile most notable variation is in the color of the flowers. These vary from 
deep blue to pink. I have seen the pink phase in the garden of Mrs. J. N. 
Henry, Gladwyne, Pennsylvania. These plants came originally ftT)m near 
AVilmington, North Carolina. _ ^ / 

Information on the cytology and breeding relationships of this species is 
still lacking. The chromosome niMiiber should be determined for plants from 
various parts of the range, also for both typical and pink-flowered specimens. 
Genetical studies should include experiments to determine the degree of 
eoiiipatability with G. pennelUana . 

According to Pennell (1916) the oldest illustration was published in 
1758, in Edwards’ ''Gleanings of Natural History, vol. 5, 1.98.” An excel- 
lent colored plate appeared in Addisonia, vol. 1, 1916, plate 35. 

2. Gentiana pennelliana Fernald, Rhodora 42 : 198. 1940. 

Gentiana alha Groom (not Muhl. 1813), Am. Jour. Sci. 25f 69. 1833. 

Diploma teniiifolia Raf., Flora Telluriana 3 : 27. 1836. The tyi^e, at the 
New York Botanical Garden, wms collected in Florida, in 1832, by Mr. Groom. 

Dasy Stephana teniiifoUafXKed.) Pennell, Bull. Torr. Bot. Club. 46: 183. 
i919. 

Gentiana tenuifolia (Raf.) Fernald (not Petrie, 1913), Rhodora 41: 557. 
1939. f. 

Slender perennial, 1-3.6 dm. high, from a cluster of several fibrous roots 
which are 1-^ mm. thick; leaves linear or narrowly elliptic-linear, acute or 
obtuse, revolute, 0.5-3 cm. long, 1-3 mm. wide; flowers usually solitary and 
terminal, rarely two or three borne on pedicels in the axils of the upper 
leaves; calyx 1.7-3 cm. long, with the tube 0.7-1. 0 cm. long and the lobes 
linear, acute, 1-2 cm.'^loiig; corolla 4.5-6 cm. long with the tube 3. 5-4.5 cm. 
long, white clotted with green on inside, greenish wdiite on outside; plaits 
lacerate, 3-10 mm. long, white; lobes 1.2-1. 8 cm. long, ovat^-eRiptic, spread- 
ing, white ; stamens one-half to two-thirds the length of the ebrolla-tube at 
time of anthesis; pLstil 2.5-2.7 cm. long; stigmatie lobes slightly. spreading, 
1 mm. long. 

Gentiana pennelliana is a plant of very limited distribution on the East 
Gulf Coastal Plain in western Florida, ranging from AA^akulla County west- 
ward to AValton County and northward to Gadsden County. The habitat 
usually is moist places in Iom^ pine woods. 

Specdmens seen: Northernmost — ^low pinelands near AA^etumpka, Gadsden 
Co., J. K. Small et aL 10987 (NY) ; easternmost — flatwoods, Newport, AYa- 
kulla Co., H. Kurz (NY) ; wt^dermnost — Point AAMshington, AA^alton Co., 
C. D, Mell (US) ; southernmosto—Apalachicola, Franklin Co., Biltmore Her- 
barmm 467b (GH, NY) ; oldesU— 1832, Florida, Ur o (9m., (NY) ; no. of collec- 
tions seen — 21. U 

V / 

The flowering time, as d^:ermined from the data on herbariipn labels, 
extends from late Oetohet^ January. No noteworthy variations in the color 
of the corolla are kpowm. In the herbarium, the flowers may become brc/wnish. 

As interpreted by the descriptive taxonomist, Gentiana po/phyrio and 
G. pennelUana afe distinct species wdth both morpliological and geographical 
discontinuity. Genetical discoii#tinuity must yet be demonstrated. 

Illustrations: see figure 1. I 
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Fig. 1. Gentiana pe^inelliana Fernald. Specimens collected by Cliapman in Florida. 
Slieet in IT, S. National Herbarium, no. 59697. 

SUMMARY 


The Subsection jiiigiistifoliae of Geniiana, Section Pneitmonafithe con- 
tains two species which are clistinguished bil several characters. The proper 
name for the blue-fiowered species is Gentiaua porphyno, 

Bailey Hortorium and Department of botany, Cornell University 

Ithaca, New York ' ’ % I ® 

' Literature Citec^^j^^ 

'FemieTl, F. 191 ( 5 . Dasy Stephana porphyria. Addisonia 1: 69-70, plate 35. 

Small, J. 'X;.J.933. Manual of the southeastern flora. New York, The Science Press 
Printing C.O., p. i— xxii, 1-1554. ^ 


Note: — Since the above was wi^itten, the wwitei^has observed in the pine barrens of 
New Jersey white-flowered plants G. porphyrio. Rumors are also current of the pink- 
flowered pliase in New Jersey. 


I 



THE SUCCESSFUL REVIVAL OF NOSTOC COMMimS FROM 
A HERBARIUM SPECIMEN EIGHTY-SEVEN/ 

YEARS OLD 

ChaiSles B. Lipman 

The author’s interest in the longevity of microorganisms as indicated by 
a number of published studies has led liiin to search for old materials of 
appropriate kinds from many sources. Among other sources which ap- 
pealed to him as interesting and useful for obtaining material of no great 
age, and yet of significant age and authentic dating, was herbarium material 
from the cryptogamic collections. Through the great kindness of Doctor 
Francis Drouet of the Field Museum of Natural History, it was possible for 
me to obtain specimens of several algae from such a collection. These algae 
were inoculated into sterilf Detmer’s solution in Erlemneyer flasks. The 
cotton, stoppers were protected from dust by paper (faps. In most eases the 
material taken from the herbarium sheets was very s(;anty and it consisted 
of desiccated fragments or scales. In the period of more than two years 
during which the cultures w-ere maintained on a table in the laboratory, only 
one culture, namely one of Nostoc commune Vaueli., developed groAyth of 
new^ masses of the organism as will be related below^ During the incubation 
of the cultures the temperature conditions w^ere not controlled, but varied 
from night to day, and from season to season as is characteristic of a labora- 
tory at Berkeley. The extremes of temperature to wthich the cultures wu^re 
subjected w^ere approximately from 14^ C. to 30° C. The rigifc w'as mostly 
that of indirect sunlight from a south wundow, but in the w'inter inontlis w^as 
supplemeiited by light from a lOO-w^att lamp during most of the day and 
night. 

The specimen of Nostoc v^hieh was revived and produced vigorous new; 
growth was derived from the collection of H. Royers, now* a part of the col- 
lections of the Cryptogamic Herbarium of the Field Museum of Natural 
History. The label on the original specimen is as follow*s : 

Nostcj^c commune Vauch 

Germany: Zwdschen F^umburg uiid den Sperlingshoke, 

Preussen. |,26 Juni 1853. 

C. Schliemtacke 

From the matei^jal of;fhmipecimen donated by Dr. Drouet the^ first cul- 
ture was prepared on thk^. April 1939. A small amount of the material 
w^as used in this culture, the balance being reserved for later inpculations. 
Growth was first Rioted in this culture on the 15th October 1939. Tins growdh 
manifested itself by the appearance of dots of green on the original material 
and these green dots ahvays show*ed bubbles gas presumably oxygen from 
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pilot ()s\’iitliesis. It is worthy of emphasis that it was always directly from 
the old material that the grem dots and the ^as bubbles arose. Mieroscopie 
examiiiation showed typical cells and other structures of Nostoc commune. 
Idle ioipa* period of exposure of the original Nostoc material to the culture 
solution befoi*e growth developed is particukirly noteworthy and seeiiis to be 
characteristic as will be shown below. The result obtained with the first 
iiioculation tlius indicates that Nostoc commune may be revived after re- 
maining in a desiccated state on a herbarium sheet for eighty-six years. 
This conclusion need not be allowed to rest on one observation alone, how- 
ever, as tlie following discussion renders clear. 

A second inoculation from the same source of Nostoc material Avas made 
on tlie 20 rh .huly 1939 with exactly the same technique as that employed in 
the lirst inoculation. In this culture the first growth noticed was on tlie 1st 
June 1940 or about ten months after the inoculation was made. Again tlie 
first evidence of growth manifested itself by tlfe appearance of small dark 
green, dots or tin>' patches on the old material, and gas bubbles wxu*e easily 
diseernible. 

When the second culture developed growth, I decided to try a third 
inoculation. This was done on the 13th July 1940. On the 4th February 1941 
growtji was first noted in this culture. Microscopic examination in this as in 
the first and the second cultures showed typical Nostoc commune cells and 
chains of cells. This third culture proves moreover that the dried Nostoc 
matei'ial may withstand desiccation for eighty-seven as well as eighty-six 
years. How much longer such material can withstand desiccation and other 
untoward corlditions on a herbarium sheet can of course only be aseertaiiied 
by continued experiments of this kind -with the original herbarium material 
as long as that can be spared.^ 

Of tlie other algal specimens tested by the same technique none have as 
yet shown signs of life. These algae included other^and older specimens of 
Nostoc as wull as other forms of blue-green and of green algae. In this re- 
gard, however, it is important to note that there is very little, if any, infor- 
mation at hand relative to the treatment which different specimens in the 
same herbarium received. For example, if fumigation or other methods of 
preservation had been employed, the specinnlis can hardly have survived in 
living form, unless the poisoning technique Ipd been ineffective. It is doubt- 
less true that some specimens of cryptogams had not been subjected to 
poisons af all, wvhereas others may have beeiMreg|ed d^xistically. In other 
wnrds negative results such as those nientioii^Jit^ove remain under the 

^ Siiie£%t}iis paper was sent to the printer, a fourth culture of Nostoc, made from the 
same herbariuni specimen, has developed good growth after an incubation period of nearly 
five months. In addition, a culture of Anahaena oscillarioides from a specimen 74 years 
old has after an incubation of nearfe' two years jusi begun to show cliaraeteristic cells 
and chains of cells. 


1 
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circiimstanees indecisive, relative to the long’evit.y of the algae, whereas a 
positive result such as the one here reported for Nostoc is clearly decisive. 

The writer’s search of the literature does not reveal thus far any cases 
of greater longevity for algae than the one reported above. Certain seeds 
have, however, been shown to possess greater longevity. For example, the 
viability of N elumhiiim seeds at the Kew Gardens after one hundred and 
fifty years, and of seeds of four or more orders in Paris after one hundred 
and fifty-eight years as reported by Becquerel are well known and decisive 
so far as they go.- The reports of Ohga regarding viability of seeds of Nelurn- 
hkim from a peat bog in Manchuria after an estimated four huiidred years 
of inactivity are also to the point but not decisive because of the uncertainty 
in the estimate of the age of these seeds. All these observations are in strik- 
ing contrast to those wdiich I have published on the longevity of bacteria, 
which appear, at least in some instances, to live indefinitely in a state of 
suspended animation. Of eburse, the observations on algae are still quite 
fragmentary and therefore do not make as satisfactory a eomparison Avith 
those on bacteria as we should have. But the observations on seeds are in 
another category. They indicate quite strongly that seeds do not survive the 
ravages of time and untoward conditions nearly as Avell as bacteria. This 
subject, however, Avill be discussed more fully elsewhere. As regards the com- 
parison of algal material and seeds, it may be remarked that the latter Avould 
seem to have the advantage over the former in resisting desiccation and 
other untOAvard conditions by reason of the protection to the embryo fur- 
nished by the seed. Such protection is especially great for example in the 
ease of Nelumbmm. The bits of algal material in a herbartimT: specimen on 
the contrary are completely exposed to the forces of the environmeiit. 

SUMMARY 

Nostoc commune Vaueh., from a herbarium specimen, has been revived 
and made to grow luxuriantly in culture solution eighty-six and eighty- 
seven years after it had been collected and placed in the herbarium. 

The University of California 
Berkeley, California 

■■f': 

2 See the excellent review bv J. M. Tiirner, Kew Bull. 1933: 257-268. 



BREEDING WORK TOWARD THE DEVELOPMENT OF 
A TIMBER TYPE OF BLIGHT-RESISTANT 
CHESTNUT; REPORT FOR 19 W 

Arthur Harmount Graves 
(with one figure) 

The season of 1940 was the poorest for effective cross pollination of the 
chestnut that we have experienced since we began the work in 1930. The 
spring was abnormally cold, and continued so into the month of Jiily.=^ 

The cold Vi^eather had the following important effects : 

1. Flowering was delayed. Usually, with some exceptions, all species 
and hybrids have finished blooming at the Hamden (Conn.) Plantation 
by July 15. (Of course, with the everblooming ^astanea Segninii and some 
of its hybrids, flowering often continues up to frost.) But in 1940 some 
Japanese- American and other hybrids were still in flower on August 1, and 
a few Chinese trees (0. mollissima) were still in their prime at this date. 

2. The above statement applies to those flowers that matured. Appar- 

entl.y pii account of the cold, some of the pollen bagged for crossing never 
matured, and many of the pistils bagged for crossing dropped off' in the 
bags, both before and after pollination. • 

3. After crossing, fertilization did not result as regularly as iisual. Many 
burs developed parthenocarpically, containing no embryos. It is possible 
that the unusual clryness of August and September played some part in this. 
We should bear in mind that only a comparatively short time is available for 
the chestnut to develop its fruit and ripen its seeds, as compared, with the 
much longer period that oaks and hickories have. 

POLLEN RECEIVED IN 1940 

Pollen of the chestnut was received toward the end of June and in early 
July, from several institutions or persons whose cordial cooperation we take 
pleasure in acknowledging. Lack of space m*events us from iiieliiding all 
their names in this report.^ | 

1 Brooklyn Botanic Garden Contributions, No. fc. For a statement of the purposes 

and a brief review of the work, see Bull. Torrey 67: 773-77. 1940. Recent annual 
reports have been published in the Brooklyn Botanic ChWden *Recorclj as follows: for 1936, 
26: 47-60 ; %r 1937, 27: 44-55,* for 1938, 28: 52-60; 29: 58-63; for 1940, 30: 

87-92. . 

2 The reeoi*ds at the U. S. Weather Bureau in New York City give the minimum 
temperature oif July 4, 1940, as 58°. This was the same as tlie maxinviini temperature on 
December 25, 1940, namely, 58°; literally, as ^^cold as Christmas.^’ 

3 The complete list of donors of pollen in 1940 afpears in the Annual Report of the 
Brooklyn Botanic Garden for 1940^ Brooklyn Bot. Gard. Record 30: 88, 89. 

^ 667 , 
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The source of the pollen received from the Stark Bros. Nurseries, at 
Louisiana, Missouri, is of such general interest that we shall state it briefly 
here. In tlie settling of the estate of Mr. Luther Burbank, the Stark Bros. 
Nurseries took over various plant material there. But I shall let their letter 
speak for itself : 

When we took over the Burbank grounds there were about 500 chestnut 
trees in one row. The.y have since been cut down, since Mrs. Burbank is using 
tlie ground. However, before taking them out we selected some of the most 
vigorous seedling trees and transferred them here to our grounds in Missouri. 
As a result we have about 10 trees here which are about 8 years old at this 
time. I have selected about 5 of these trees as the most vigorous in the lot 
and the catkins you received are from these trees. We will be interested in 
hearing of any results joii obtain. 

''Assuring you I am glad to be of service, I am 
Sincerely yours, 

(Signed) Glenn Thomas 

Special Department 

Stark Bros. Nurseries’’ 
r 

Earlier in tlie letter Mr. Thomas has this to say in response to a question 
on the pedigree of the trees bearing the pollen : 

"I have been going through some of the records which we have lieTe and 
I find that back in 1884 Mr. Burbank imported some Oriental chestnut 
seedlings from Japa'p and some European seedlings from Italy, and at the 
same time obtained some samples of chestnuts from the eastern United States 
and also some Ghincpiapins. According to the records these sorts were all 
hybridized back and forth in such a way that Mr. Burbank said all of his 
chestnuts had a most complicated ancestry. I find in the records that at first 
he was ciiiefly interested in getting from these crosses a hybrid wliieh would 
produee a large, sweet nut, also a tree which would grow fast and bear young. 
Then when the chestnut blight became an important factor in the east Mr. 
Burbank’s records indicated that he found 'hybrids of certain Oriental 
strains which appear immune to chestnut blight.’ How he arrived at this 
conclusion I do not know', except that some of his hybrids may ha\'e been sent 
east for testing. I do not believe at this time there wtis any chestnut blight 
anywdiere near California. 

"Mr. Burbank’s records stf.te that he found crosses betw^een the Oriental 
Chestnut trees from Japan amt our native Chinquapins were the most resis- 
tant to chestnut blight. No do«!bt his later breeding experiments Avere con- 
centrated on these crosses. ’ ’ 

We made man^^ crossls this Burbank pollen, but the most jinportant 
was a cross on our mos'^W^stant Japanese, from Avhieh wve obtained 5 nuts. 

HYBRIDS OF 1940 - ' 

r 

As a result of the season ’s work we harvested 401 nuts, as against 767 in 
1939 and 930 in 1938. Tweh^e of the combifiations from which Ave obtained 
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nuts are new to science, making* a total of 48 new hybrid combinations made 
since we began this work in 1930. 

Table 1 contains the list of the hybridizations in 1940 and the niimber 
of nuts resulting. All the hybridizing work was done on the trees on our 
own plantation at Hamden, Connecticut. As usual, the name of the female 
parent is given first. Those combinations v^iich are new to science are pre- 
ceded by an asterisk. The numbers at the left, in parentheses, correspond 
with the numbered notes which follow. 

TABLE 1 
EyMds of 1940 


No. of Nuts 


(1) Ca8fa7iea crenata X ‘ 15 

(2) C. C7'enata x C. dentaia 47 

C. crenata x C. floridana 3 

(3) C. crenata x C. pimila .f. • (5 

(4) C. cremaia x (C 15 

(5) * [C. cre7iata x (C x 'JJ)} x [ (C. mollissima x C. Seguinii) x C. crenata] 1 

(4) (C X D) X C. ci'enata 8 

* (C X B) X C. flof idTina ; 1 

(6) (CxD)x(CxI)) 39 

(7) * (C X D) X [ (Cx D) X C. dentaia] 8 

(8) *(axD) X [(CxD) X (CxP)] 51 

(9) ■■^•i{CxJ))xlCxD)]x{CxD) 1 

(10) . {C, crenata xC. mollissinia) xC.deniata 19 

(G. crenata x 88'^) x C. dentata 3 

(11) C. dentata x C. crenata !. 5 

(12) C. de7itata X C. molUsswia 10 

(13) ^'(C. de7itataxC. molUsswia) X (CxD) 2 

(14) (C. dentata x 88) x C. crenata 3 

(15) (C, dentata X 88) X C. molUssima 32 

(16) (C. de7itata X 88) X (C. crenata X 88) 6 

(17) * (G. dentata x 88) x [ (G x D) x G. dentata] 4 

(18) C. 7 nollissma X C. dentata 32 

(19) C. mollissima X (C X D) 38 

(G. mollisswia x G. Seguinii) x G. dentata 2 

(G. mollissima x G. Seguinii) x (G. ^nolUsswia x G. Seguinii) 20 

88 X C. mollissima * 1 


^ 88 X C. neglect a 

{88 X C. C7*enata) X G. denitata 

"^{88 X G. crenata) x G. 7ieglecta 

(88 X G. crenata) x (88 X G. crenata) 

(S8 X G. ci'enata) x (G. crenata xS8) ^ 

^' (88 X G. dentata) x (G. mollissima x G. Seguing) 
C. Seguinii xC. dentata clone ^ ^ Everbearin# ^ . 


Total -I 401 


* C xB = C. crenata x G. dentata. ^ » # 

88, one of the Tan Fleet hybrids, is apparently l^o|^ination of G. crenata and 
C.pumila. The S8^s in our plantation are from open pollinfTed seedlings of S8. 


(1) ThiCincludes the cross with the Luther Burbank pollen mentioned 
in the text. 

(2) We try each year to make more co^fibinations of disease-resistant 
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Japanese and deni at a. Most of the crosses this year we made on our Folk 
Japanese seedlings of 1930 (fig. 1), using dentata pollen sent us by Messrs. 
E. J. Grassman, from Elizabeth, N. J. ; J. C. McDaniel, from Tennessee; Dr. 
G. A. Zimmerman, from Linglestown, Penn.; and Joseph St. John, from 
Monroe, N. Y. 

(3) This cross was made with the purpose of finding out experimentally 
what is the composition of Dr. Van Fleet hybrid ^'S8. ’’ This has generally 
been supposed to be the result of a cross of C. crenata and (7. puniila. This 
year was the first time that C. piimila has bloomed at our plantation, the 
plants having grown from nuts sent us in the fall of 1935, by Mr. K. B. 
Clapper of the Division of Forest Pathology, from the IJ.S.D.A. nurseries 
at Bell, Maryland. 



Pig. 1. Castanea crenata, 10 years old, and (according to results of inoculations) 
entirely disease resistant. Note low, bushy growth characteristic of the species, also good 
crop of large burs. Some of these are the result of crossing with the Burbank pollen. 

r 

(4) A cross of one of our Hammond Japanese- Americans (134 A 31) 
with our most disease-resistant Polk Japanese. 

(5) This rather complicated cross represents two young hybrids (u\ 
brackets) which bloomed for the first time in 1940, at the age of three years. 

(6) Represents a eontinuef effort to get a good supply of P 2’s by cross- 
ing together many Japanese-A^iericans. 

(7) The pollen parent in |his combination has grown from one of the 
first nuts we secured from cessing our Japanese-Amerieans. The first of 
these bloomed in ^1934, Jat age of three years. This w'as crossed with 
dentata pollen, receive<^^^i^ the Division of Forest Pathology ,''U.S.D.A., 
at Washington, D. C. One of the trees resulting from this cross, namety, the 
pollen parent referred to above, bloomed this year at the age' of, six years, 
but with only s»taminate flowers.'* These were used to pollinafe one of our 
good Japanes e-American hybrids— a cross of a Japanese owned by the late 

^ For a photograpli of this hybrid, see Brooklyn Bot. Gard. Record 30; 65. 1941. 
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Mr. Beekman Winthrop, of Old Westbury, Lono- Island, and C. dentatn from 
AA^asliingtoii; D. C., made by us in 1931. The resulting nuts from thi.s cross 
represent a new combination. 

(8) The same Wiiitlirop Japanese- American crossed with pollen from 

an .P 2 Japanese- American, resulting from a cross of two Smith Japtinese- 
Aniericans in 1936 and blooming this year for the first time. This cross gave 
a particularly fruitful yield — about ^th of our entire crop. 

(9) The reeiproeal of the last, but here the pistil parent v^is yoiing (3 
years) and onh" one nut resulted. 

(10) The' pistil parent here is habitually a very late bloomer, given i:o 
us by the Division of Forest Pathology, U.S.D.A., in 1932. Pollen oi dsniafa 
from wild trees was sent to us by Mr. Philip Smith, of Pawling, N. Y., arriv- 
ing as late as July 19, in most years too late to be of service. But in this 
unusuall.y late season this Japanese-Chinese hybrid was in its prime at this 
date ; hence tlie cross produced a good yield. 

(11) The dentata parent is the same as that mentioned in my report for 
1939.'^ This year, obviously very neaidy at the end of its life, it had many 
pistillate flowers which were crossed with our i%ost resistant Japanese, but 
only five nuts were gatfiered. 

(12) As was done last year, the American parent just mentioned (note 
11) was crossed with ^ur most resistant Chinese. 

(13) Tlie pistil parent is the result of a cross of wild, dentata trees at 
Half Hollow Hills, in the township of Huntington, Long Island, N. Y., using 
pollen of C. nio/fes/nia sent from our Hamden plantation in 1935. It was 
part of an effort made that year to see if by using as the female parent the 
American chestnut, instead of the Japanese or Chinese, as Ave had always 
done before, any difference in the character of the offspring would result. 
As far as we can determine, the character of the female parent makes no dif- 
ference in this cross. The dentata stock is incompletely dominant in both 
cases. The Am eri'can- Chinese hybrid was, therefore, five years old in 1940 and 
was crossed with one of our best Japanese-Americans, the latter being the 
result of a "cross of a Japanese chestnut on the estate of Mr. John Minturn, 
Clyster Bay Cove, Long Island, wdth dentata pollen. That Japanese tree is 
still in fine condition and is one of the best now living in the region of New 
York City. Only two nuts were secured from the cj*oss this year, but since 
the cross includes so many good elements it will be tried again next year. 

(14) The pistil parent is the result of a cross on the native chestnut 

shoots at Half Hollow^ Hills, Huntington, L. I., in 1935, using S8 pollen 
from our plantation. The hybrid was crossed this year with pollen from one 
of our best Japanese trees; for we have flearned that the SB’s in our 
plantation, although precocious and prolific! are not as disease resistant as 
could be desired. f 


(15) Another dentata x S8 resulting froii a Long Island cross (see notes 
14 and 13, also report for 1935®). This hybril^ blomned for the first time in 
1938. Thk year it was crossed with one of our fest rmllissimas, with splendid 
results. The nuts have a promising pedigree. 

(16) Another dentata x a history like that of the preceding, 

crossed with a 1935 hybrid of a good Japanese iuid Tl\e Japanese grew 


5 Bull. Torrey Club 67: 775, note 5. 

*' See Brooklyn Bot. Gard. Beeord 25: 66, 67. 
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from a nxit obtained from the vicinity of Kyoto, Japan, through Dr. G. M. 
Reed, of the Brooklyn Botanic Garden, in December, 1931.' 

(17) A fourth dentatax S8^ with a history similar to that of the pre- 
ceding three — this one crossed with the hybrid resulting from the back cross 
of Ja^panese-American with dentata^ ctescribed in note 7. 

(18) Resistant mollissima ciiossed with some dentata pollen sent us by 
Dr. G. A. Zimmerman, from Linglestown, Penn., through Miss Hilda 
Vilkoinerson, and also by Mr. Joseph St. John, from Monroe, N. Y. 

(19) This represents a continued effort to incorporate more of the re- 
sistance of the mollissima stock with the Japanese- American hybrids. 

(20) 88 xC. crenata contains no dentata in its constitution. It is fairly 
disease resistant; hence this cross with C. dentata. The dentata pollen used 
came from Elizalieth, N. J., sent by Mr. E. J. Grassman. 

COOPERATIVE PLANTINGS 

Because our own available land at Hamden, Connectieut is now fairly 
well stocked with species e^id hybrids, we are extending our plan of es- 
tablishing cooperative plantations on land of responmble persons interested 
in bringing back the chestnut tree to North America. The trees growing in 
the first three of the^e cooperative plantations are listed in our 1939 report, 
but plantations are now too numerous even to n^ime here. During 1940 we 
distributed more than 1500 seedlings in New Hampshire, Massachusetts. 
Connecticut, New York State, and New Jersey. In cases where particTilarly 
valuable hybrids have been distributed, the owners are required to sign the 
f ollowing statement : 

The undersigned agrees to grow this material for test purposes only, and 
further agrees not to propagate, sell, give away, or otherwise distribute the 
material until authorized to do so by Arthur H. Graves, Brooklyn Botanic 
Garden, Brooklyn, N. Y. 

The area planted to trees is thus increased many times, so that the total num- 
ber of trees growing is far larger than we could handle on our own planta- 
tion. As all plant breeders knoAV, large numbers increase the chances of 
success, when a definite object is to be realized through breeding. Further, 
by this method of extension plantation, the trees are tested in a variety of 
soils and sites which we alone fould not furnish. 

VARlATIOl|lN CASTANEA DENTATA 

The chestnut, as a gepus, shows a considerable amount of variability, and 

this character is shared by tl^ different species.^ For example, in jlie Amer- 


7 Broaklyn Bot. Gard. Record 25: 68, notes 11, 12. ^ 

sparwin; r The foundations of the origin of species, two eshays written in 

1842 and 1844, by Gkarles Darwin, p. 83, Univ. Press, Cambridge, 1909. many species 
the variability of certain organs or qualities is even stated as one of the specific charae- 
ters. ’ ^ ^ , 
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ican cliestniit, tlie qualities of the nuts varied so much that local forms re- 
ceived special names.*' The European chestnut (C. sativa) and the Japanese 
{C, crenata) also show a wide variation in the size and quality of the nuts. 

In the summer of 1918, when we made a survey of the American cheBtnut 
trees then growing in the New York City rog-ion, a large amount of variation 
was shown in the amount of disease resistance manifested by different in- 
dividuals,^'’ another evidence of the variability of the species. 

Now we are confronted with a situation extending over the Avhole range 
of the native chestnut tree, eharaeterized by a succession of young shoots 
arising from the stumps (or bases) of diseased and dead trunks. These 
shoots develop for a few years, but are at length penetrated by the blight 
fungus. This<eondition is due to the fact, as we have learned, that the roots 
of the trees are more resistant to the attacks of the fungus than is the trunk 
or its branches. 

This continued development of a very large^number of ii?ew shoots from 
adventitious buds offer's abundant opportunity for bud variation to occur. 
I believe that such variation should occur with greater frequeiiiiy, or in- 
tensity, or both, in these basal shoots than in the ordinary branches develop- 
ing from normal buds. However, there seems to be scant evidence in the 
literature in support of this belief, perhaps because of the unusual nature 
of the situation. Beyerinck,'**' however, as a result of pruning Cytisus Adami^ 
obtained segregation in the shoots develophig from ch^rniant buds, showing 
an unstable chromosomal condition resisting from such treatment. The 
killing of chestnut trees to the base by tlm blight fungus and the subsequent 
development of sdioots from adventitious buds seems to be a similar situation. 
In. any case, however, this continued production of basal shoots in all 
probability entails a certain amount of bud variation, for this phenomenon 
is likely to occur even under normal circumstances; and it is entirely 
probable that some of this bud variation wall be ajong the line of greater 
disease resistance. The fact that many of these young chestnut shoots seem 
to be living longer aiid getting larger than formerly may be due to just this 
situation, i.e., to bud variation in the direction of disease resistance. 

Nowq it is fortunate that many of these |jasal sho’ols live long eiiough to 
fiow^er and bear nuts. The qualities developed through bmd variation, if 
they are hereditary, may be represented in%ese embryos. 

It is on account of the above reasoning that w^e are trying to obtain as 

9 Corsrt, W. P. Nut Culture in the United States. mS.D.l. Div. of Patliologj, 
imnuinlDered hull., 1896. p. 88. 

19 Graves, -A. H. Resistance of the American chestnut to the hark disease. ‘Science 48: 
652, 653. 191& , 

11 Graves, A. H. The cause of the persistent development of ^Sasal shoots from 
blighted chestnut trees. Phytopathology 16 : 615-621,^ 1926. 

12 De Vries, Hugo. The mutation theory, Vol. II, p. 626. 1910. 
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many nuts as possible of wild American trees or shoots of C.dentata. At 
])resent we have growing on our plantation at Hamden, Coniiectieut, more 
than 100 young* trees of Castanea dentata. These Americans have been grown 
during the past fifteen years from nuts obtained from many of the states 
where Castanea deniata is native.eThey are being tested for disease resistance. 
If the results are favorable they will be used for breeding stock. Last fall we 
received nuts from interested persons in the following States : Massachusetts, 
Rhode Island, Connecticut, New York, New Jersey, Pennsylvania, and 
Kentucky. 

We find that the best method of handling the nuts is to plant them im- 
mediately after gathering. If any nuts are to be mailed to ns, they should 
be wrapped in damp sphagnum moss, moist cotton, or paper napkins, to pre- 
vent drying out. A few days in a heated room may be fatal, for drying kills 
the embyro. Aii}^ nuts sent us will be planted immediately in our cold frames 
at the Garden and labelled 7vith the name of the sender and the locality of 
the parent tree. Address ; Arthur H. Graves, lOOO AYashington Avenue, 
Brooklyn, New York. 

Acknowledgment. AVe are glad to have this opportunity to express our 
indebtedness to the many individuals and institutions, and especially to the 
Division of Forest Pathology, U.S.D.A., for their cordial cooperatioi:|, wnth 
us in our project. 

Brooklyn Botanip Garden 
Brooklyn, New York 
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MISCELLANEOUS TAXONOMIC NOTES 
Harold N. Moldenkb 

Continued routine identification work in the herbarinni of the New York 
Botanical Garden has revealed the desirability of a number of transfers from 
the genus Polygonum to the genus Beynoiitria (formerly kiiowm under the 
name of Pleiiropterus) and has brought to light two as yet undescribed 
species of Peiranisia and Byrsonima from Cuba. 

Reynoutria Auberti (L. Henry) Moldenke^ comb. nov. Polygonum 
Aiiherti L. Henry, Eev. Hort. 1907: 82-83. 1907. 

Reynoutria baldschuanica (Regel) Moldenke, comb. nov. Polygonmn 
lalclschitanicitm Regel, Act. Hort. Petrop. 8: 684, pi. 10. 1884. 

ReynoutHa campanulata (Hook, f.) Moldenke, comb. nov. Polygonum 
campaniilaiimi Hook, f., PI. Brit. Ind. 5: 51. 1886. 

Reynoutria ciliinervis (Nakai) Moldenke, comb. nov. Polygonum cilih 
fiervis Nakai in Pedde, Report. 13 : 267-268. 191^. 

Reynoutria japonica var. compacta (Hook, f.) Moldenke, comb, nov. 
Polygonum compact unh Hook. f. in Curtis, Bot. Mag. 106: pi. 6476. 1880. 

Reynoutria japorjica var. spectabilis (de Noter) kfoldenke, comb. nov. 
Polygonum cuspidaPw^^^^^ var. speciahile de Noter, Rev. Hort. Belg. 35: 232- 
234. 1909. 

Reynoutria lichiangensis (W. W. Sni.) Moldenke, comb. nov. Polygonum 
lickialigense W. W. Sm., Notes Bot. Gard. Edinb. 8: 197. 1914. 

Reynoutria multiflora (Thunb.) Moldenke, comb. nov. Polygonum, multi- 
florum Thunb., PI. Jap. 1 : 169. 1784. f 

Reynoutria polystachya (Wall.) Moldenke, comb. nov. Polygonum poly- 
stachyuni Wall., Numer. List 46, no. 1686, hvponvm (1829), PL As. Rar. 3: 
61. 1832. , ^ 

Reynoutria Spaethii (Damm.) Moldenke, comb. nov. Polygonum 
Spaethii Damm., Notizbl. Bot. Gart. Berlin 2: 378. 1899. 

Reynoutria Weyrichii (P. Schmidt) Moldenke, comb. nov. Polygonum 
WeyricMi P. Schmidt in Maxim., Prim. PL Amur. 234. 1859. 

Peiranisia Bucherae Moldenke, sp. nov. Prutex^vel arbor; raniulis gra- 
cilibus niinute piiberulis glabrescentibus ; nodis valde abbreviatis ; f oliolis 6 
vel 8 eoriaceis utrinque pernitidis ellipticis, ad apicem rotundatis emargi- 
natis, ad basim acutis, integris revolutis utrinque glabris vel paree pilosulis ; 
giandulis 3. 

Shrub or tree; branchlets slender, grafy, minjttely puberulent w4ieii 
young, soon glabreseent; nodes greatly abbreviated; leaf-s(®ars large, hori- 
zontally oblong, with prominent margins; leaves alternate, evenly piniiate- 
eompound with 3 or 4 pairs of leaflets ; leaflets coriaceous, rather grayish 
green and very shiny on both surfaces, elliptic, 1.2*-3.9 cm. long, 0.5-1. 7 cm. 
wide, romdeci and emarginate at apex, acute at Mse, Sntire and revolute 
along\the margins, glabrous on both surfaces or witffiew scattered pilosulous 
hairs at the^base; petiolules stout, about 1 mm. long, giabroi^^ very ob- 
scurely pilosulous-puberulent ; gland circular, about 1 mm.,i^s^^meter, one 
between each of the 3 upper pairs of leaflets; raehi^ angiiSar-eostate, gla- 
brous or very obscurely and mij^iutely scatter«d-pilo§ulou^pediceis slender, 
2.5-3 cm,, long, very sparsely scattered-pilosulous with%Cnute hairs ; sepals 
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5, lieavy, unequal, suborbicular, 3~6 mm. long and wide, roiii|ded at botli 
ends, venose, glabrous or the smaller ones microscopically pilose ; petals yel- 
low, large, irregular, unequal, 9-13 mm. long, 5-9 mm. wide, very venose, 
glabrous, the margins crisped ; stamens 10, beakless ; filaments abo'iit 1.4 mm. 
long, glabrous; anthers oblong, about 3 mm. long and 1.4 mm. wide; ovary 
elongate, flattened, 6 mm. long*or longer, appressed-serieeous ; inmiatiire 
legume flattened, elongate, 4 cm. long, with a minute circular disk on the 
very apex of the narrowed point, the valves thick-margined, glabrate. 

Cuba — oriente: Moa, Mrs. George Conrad Bucher 78, type; in the Brit- 
ton Herbarium at the New York Botanical Garden. The specimen was ex- 
amined by my good friend, E. P. Killip, who was not able to place it in any 
known Cuban species. 

Byrsonima Bucherae Moldeiike, sp. iiov. Priitex; raniis ranuilisque ad- 
presso-tomentellis glabreseentibus ; nodis valde annulatis subartieulatis ; 
liornotinis densissime f errugineo-tomentellis ; petiolis crassiuseiilis dense 
ferrugineo-tomentellis canescentibiis ; laminis coriaeeis, supra nitidis, an- 
guste elliptieis. vel ellipticc^laneeolatis, ad apieem angustatis emarginatis, 
ad basim acutis vel obtusis, integris revolutis, sul^tus dense fernigineo- 
farinaeeis. 

Shrub ; branches^ and branehlets slender, gray, v#ry closely appressed- 
tomentellous, giabreseent in age; nodes conspiciiouslA" annulate, subarticu- 
late; twigs very densely ferruginous-tomentellous when .young; leaves 
decussate-opposite; petioles stoutish, flattened above, densel.y ferruginous- 
tomentellous, the tomentum more appressed, incanous, and less obvious in 
age ; blades coriaceous, gra.y-green and shiny above, ferruginous or brunne- 
ous beneath, narrow-elliptic or elliptic-lanceolate, 2.4-5. 8 cm. long, 0.6-2.1 
cm. wide, regularly narrowed to a narrow and slightly emarginate apex, 
acute or obtuse at base, entire and revoliite along the margins, ferruginous- 
farinaceous above when immature, glabrate or siibgiabrate when mature, 
very densely ferruginous- or brunneous-farinaceous beneath ; midrib slender, 
deeply impressed above, very prominent beneath ; secondaries slender, 4-8 
per side, short, divergent, conspicuously arcuatel.y joined some distance from 
the margins, impressed above, sharply prominent beneath ; veinlet reticula- 
tion abundant, impressed above, prominulous beneath; pedicels slender, 
about 2 cm. long, longitudinall,f costate, very densely ferruginous-tomentell- 
ous ; receptacle long- villous ; sepals ovate, densely ferruginous-tomentellous, 
the acuminate free portion recurved and revolute, with a pair of oblong basal 
glands about 1.5 mm.dong at the base ; petals 5, long-clawed, the stalk about 
3 mm. long, glabrous, C?.nalieu!ate above, the blade obcordate, about 5 mm. 
long and 5.1 iniu. wide, irregular-margined ; stamens 10, erect, close together; 
filaments about 2.5 mm. long, glabrous; anthers 2-celled, oblong, about 0.7 
mm. long, the connective prolonged into a spur-like projection about 1-1.3 
mm. long, glabrous; pistil 1; ovary ovate, about 1.7 mm. long, glabrous; 
styles 2, about 3 mfn. long, glabrate. 

Cuba—oriente : Mo*^ George Canr ad Bucher 57, sumnier of^l939 ; 
in the Herbarium at the New York Botanical Gardeai ; named in 

honor of the^Iieetor. My good friend, C. V. Morton, recognizea expert bn 
this group, sayd of it prob. sp. nov. aff. B..Wrightiana IJrb. & 

Nd.zu,’’ 
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Ajello, L. Cytology and cellular interrelations of cystolith formation in Fieus 
elastica. Am. Jour. Bot. 28: 589-594. pi. 1, 2. Au 1941. 

Alexander,^ E. J. Some new Echeverias from southern Mexico. Cactus & Succ. 
Jour. 13: 133-139. /. 7S-81. Au 1941. 

Andrews, A. L. Notes on the Warnstorf Sphagnuni herbarium. II. The section 
Malacosphagnmn. Bryologist 44: 97--102. Au 1941. 

Arthur, J. M. & Havrill, E. K. Plowering in Digit Slis piirpurea initiated by low 
temperature and flight. Contr. Boyce Thompson Inst. 12: 111--117. /. 1. 
Jl-S 1941. 


Atwood, S. S. Cytol^gical basis for incompatibility in Trif€>lium repens* Am. 

Jour. Bot. 28: 551-557. /. I-J. Au 1941. 

Avery, G-. S., Berger, J. & Shalucha, B. The total extraction of f ree auxin and 
^ auxin precursor from plant tissue. Am. Jour. Bot. 28: 596-607. /. 1, 

Au 1941. 


Bair, B. A. & Loomis, W. E. The germination of maize pollen. Science 94: 168, 
169. /. 1. 15 Au 1941. f 

Baldwin, J. T. Galax: The genus and its chromosomes. Jour. Hered. 32: 249- 
254. /. 1-3. Au 1941. 


Bamford,^B. h Winkler, F. B. A spontaneous tetraploid snapdragon. Jour. 
Hered. 32: 278. 1 pi. Au 1941. 

Barnhart, J. H. Howard James Banker (1866-1940). Mycologia 33: 341-343. 
port. Jl-Au 1941. 

Barton, L. V. Eelation of certain air temperatures and humidities to viability of 
seeds. Contr. Boyce Thompson Inst. 12: 85-102. Jl-S 1941. 

Beck, W. A. Production of solutes in growing epidermal cells. Plant Physiol. 
16: 637-642. /.-I. J1 1941. 

Benton, V. L. & Ehrlich, J. Variation in culture of several isolates of Armillaria 
mellea from western white pine. Phytopathology^!: 802-811. /. 1-3. 
S 1941. ^ l". 

Blank, L. M. & Talley, P. J. The carbon utilization and carbohydmse activity of 
Phymatotriehtm. omnivorum. Am. Jour. Bot. 28: 564-569. Au 1941. 

Blaser, H. W. Studies in the morphology of the Cyperaceae. I. Morphology of 
flowers. A. Scirpoid genera. Am. Jour. Bot. 28: 542-551. /. 1-86. Au 1941. 

BrauB^ E. L. A new locality for Solidago SJiortii. Ehodora 4S: 484. S 1941. 

Bpink, B. A. & Cooper, D. C. Incomplete seed failure a result of soinatoplastic 
sterility. Genetics 26: 487-505. /. 1-7. S 1941. 

Brierly, P. Current-season development of virus symptoms iii^ Phyto- 
pathology 31: 838-843. /. 1. S 1941. ^ 

Burkholder, W. H. & Li, C. Variations in ^hytomc^as vf^fatoria. Phyto- 
pathology 31: 753-755. Au 1941. 
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Burns, P. Y. Ecological studies in an eastern Oklahoma flood plain. Proe. Okla. 
Acad. Sci. 21: 49-52. /. 1, 2. 1941. 

Camp, W. H. Colutea arhorescens in Rhode Island. Torreya 41: 109. Jl-Aii 
1941. 

Camp, W. H. Studies in the Ericales; the search for Acinar ia ocloraia Raf., and 
Arbutus obtusifoU'Us Raf. Ofistanea 6: 80-83. My 1941. 

Chandler, A. Pteris multifida in Arkansas. Am. Pern Jour. 31: 112. Jl-S 1941. 
Chandler, F. B. Mineral nutrition of the genus Brassica with particular reference 
to boron. Maine Exp. Sta. Bull. 404: 305-400. iUust. Mr 1941,^ 

Charles, V. K. A fungous disease of codling moth larvae. Mycologia 33: 344- 
349. /. 1. Jl~Au 1941. 

Clark, D. G. et aL Stomata! behavior in inbred and hybrid maize. Am. Jour. 
Bot. 28: 537-541. Au 1941. 

Clark, O. M. A new station for Phanerophlebia auriculata Undw. Proc. Okla. 
Acad. Sci. 21: 71. 1941. 

Clark, O. M. Other stations extend distribution of Clitoria mariana L. Proc. 
Okla. Acad. Sci. 21: 69. 1941. 

Comar, C. I*. & Zscheile, F. P. Speetroscopie analysis of plant extracts for 
chlorophylls a and b. Plant Physiol. 16: 651-653. 11^1941. 

Constance, L. Three alien plants new to Oregon. Madrono 6: 95, 96. J1 1941. 
Cookej W. B. Firstf supplement to the flora of Mount Sha<y!ta. Am. Midi. XTat. 
26: 74-84. J1 1941. 

Core, E. L. Notes on some West Virginia plants. Castanea 6: 86-89. My 1941. 
Correll, D. S. & Correll, H. B. A collection of plants from Louisiana. Am. Midi. 
Nat. 26: 30-64. J1 1941. 

Couch, G. C. Hydrogen-ion concentrations and diatoms in certain lakes of the 
Medicine Bow l^>ountains of Wyoming. Univ. Wyo. Piibl. 8: 69-83. pi. 1. 
Ap 1941. 

Couch, J. N. A new UredineUa from Ceylon. Mycologia 33: 405-410. /. 1-1:2’. 
Jl-Au 1941. 

Crain, A. W. Observations on the relationship between soil treatments and lodg- 
ing of sorghum. Proc. Okla. Acad. Sci. 21: 73, 74. 1941. 

Croizat, L. On the systematic position of DaphmpJiyllim. and its allies. Lingnan 
Sci. Jour. 20: 79-104. /. 1-11. 31 My 1941. 

Croizat, L. & Metcalf, F. P. The Chinese and Japanese species of Bapliniphiillum 
Lingnan Sci. Jour.'sO: 105-128. pi. 1-3. 31 My 1941. 

Cross, G. L. Growth regulators and plant propagation. Pik)c. Okla. Acad. Sci. 
21: 9-14. 1941. 

Cross, G. Jj. Some ht^togeiietic features of the shoot of Cryptomeria japonica. 

Am. Jour. Bot. 28 \573-582r /. 1-19. An 1941. 

Cummins, G. iB* Identity and distribution of three rusts of corn. Phytopathol- 
ogy 31: 856, 857. /. 1. S 1941. 

Cummins, G. B. TJredinales of New Guinea^ — IV. Mycologia 33: 380-389. /. 
1-14. Jl-Au 1941. . 

Currence, T. M. &<»3jarson, B. Refractive index as an estimate of quality bMween 
and within muskm^on fruits. Plant Physiol. 16: 611-620. /. 1, J1 1941. 
Cutier>.^ C. h Anderson, E. A preliminary survey of the genus llripsacuni. 

Ann!>\ Bot. Gard. 28: 249-269. S 1941. ' - " 

Davis, L. I. new Vo^bena from Cameron County, Texas. Lower Bio Grande 
Valley NaU^i^ Clmi, Natiq:e Leafl. no. 1. 2^p. 15 An 1941. 

Dearness, J. New"-%reeies of Tennessee fungi. ^lycologia 33: 360-366. Jl-Au 
■■ 1941. ■ # 
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Derrick, E. Leuvema natans in Oklahoma. Proc. Okla. Aead. Sei, 21: 83. 1941. 
Bidden, M. E. More Florida ferns. Am. Fern Jour. 31: ITS, 114. Jl-S 1941. 
Button, H. J. & Manning, W. M. Evidence for carotenoid-sensitized pliotosvntlie- 
sis ii:i the diatom Nit^schia closterium. Am. Jour. Bot. 28: 516-526. /. 1-6. 
All 1941. „ # 

Eaton, r. M. Water uptake and root growth infiuenced by inequalities in tlic 
concentration of the substrate. Plant Physiol. 16: 545-564. /. 1-5. Jl 1941. 
Edgecombe, A. E. The growth rate of several wood-inhabiting fungi. Phyto- 
pathology 31: 825-831. /. 1. S 1941. 

Eggler, W. A. Primary succession on volcanic deposits in southern Idaho. Ecol. 
Alonogr. 11: 277-298. /. i-ff. Jl 1941. 

Emerson, S. Linkage relationship of two gametophytic characters in Oenothera 
organensis. Genetics 26: 469-473. /. 1-3. S 1941. 

Erickson, E, O. Alass collections: Camassia scilloides. Ann. Alo. Pot. Gard. 28: 
293-297. p?. 8 + f. 1, 3. S 1941. 

Erlanson, C. O. Violaceae of Nevada. In: Contributions toward a flora of 
Nevada No. 30. II. S. Dept. Agr. I)iv. Plant Exploration, Bur. Plant Ind. 
8 mimeog. pages. 20 Aly 1941. # ^ 

Eyster, W. H. The induction of fertility in genetically self -sterile plants. Sci- 
ence 94: 144, 145. 8 Au 1941. 

Eassett, N. C. Mass is:ollectioiis : Subus odoratus and E. %mr^rifloru.s. Anti. Alo. 

Bot. Gard. 28: 299-368. pi. 9-13. S 1941. 

Featherly, H. I. Silting and forest succession on Deep Fork in Southwestern 
Creek County, Oklahoma. Proc. Okla. Acad. Sei. 21: 63, 64. /. 1-6. 1941. 
Fernald, M. L. A hybrid Cornus from Cape Breton. Ehodora 43: 411, 412. 
14 Au 1941. 

Fernald, M. L. Virbiirnum edide and its nomenclature, ^lodora 43: 481-483. 
S 1941. 


Flemion, F. & Waterbury, E. Embryoless dill seeds. Contr. Boyce Thompson 
Inst. 12: 157-161. f. 1. Jl-S 1941. 

Flor, H. H. Pathogenicity of aeciospores obtained by selhng and crossing known 
physiologic races of Melampsora Uni. Phytopatliology 31: 852-854. S 1941. 
Foster, A. S. Zonal structure of the shoot apex of Dioon edule Liiidl. Am. Jour. 
Bot. 28: 557-564. /. 1-5. Au 1941. 

Fox, L. E. Viola conspersa in Louisiana. Torreya 41: 109. Jl-Au 1941. 
Freeman, O. M. Notes on plant distribution. Castanea tj: 77, 78. Aly 1941. 
Frenkel, A. W. Phc?4osynthesis and radioactive carbon, and the distribution of 
the intermediate products in the plant cell. Plant Physiol. 16: 654, 655. Jl 


A 

G-iliy, C. Does Ficinia filiformis still live in Jersey City Torreya 41: 115, 116. 
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Gilly, C. The status of Eleocharis parvula var. anachaeta (Torr.) Svenson. Am. 
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Graham, V. E. & Hastings, E. G. Studies on film-formi% yeasts. I. Aledia and 
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Hall, E. P. Populations of plant-like flagellates. In: Symposium on ‘^Population 
problems in Protozoa. Am. Nat. 75: 419-437. /. l~(j. S-0 1941. 

Harrison, A. L. & Young, P. A. Effect of root-knot nematode on tomato rvilt. 
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Herrera, F. L. Sinopsis de la flora del Cuzco. 1. Parte Sisteinatica. Lima. 
1-529. must. 4 J1 1941. » 

Hildebrand, A. A. The reaction of Fmgaria virginimia to the virus of yellow- 
edge. Caiiad. Jour. Ees. 19: 225-233. pi. 1+f. 1, 2. J1 1941. 

Hitchcock, A. E. & Zimmerman, P. W. Further tests with vitamin on estab- 
lished plants and on cuttings. Contr. Boyce Thompson Inst. 12: 143-156. 
/. 1-3. Jl-S 1941. 

Hoagland, D. E. & Arnon, D. I. Physiological aspects of availability of nutrients 
for plant growth. Soil Sci, 51: 431-444. Je 1941. 

Holch, A. E. et al. Boot habits of certain plants of the foothill and alpine belts 
of Bocky Mountain National Park. Ecol. Moiiogr. 11: 327-345. /. 1-12. 
J1 1941.^ 

Huber, C. A. & Baur, K. Brown rot on stone fruits in western Washington. 

PhytopfiJ;hology 31; 718P‘-731. /. 1-5. Au 1941. 

Hutchinson, G. E. Ecological aspects of succession in n%f.ural pojiulations. In: 
Symposium on ^‘Population problems in Protozoa.” Am. Nat. 75: 406- 
448. S-0 194L 9 

Jameson, G. Synopsis plantarimi aequatoriensium. 1-538. Quito, ITiiiv. Gentral, 
1940. 

Jenkins, A. E. & Oheo, C. C. Descriptions of Blsinoe doUc'hi n. sp., and Sphace- 
lonia ricmi ii. sp. Jour. Wash. Acad. Sci. 31: 415-417. 15 S 1941. 

Jenkins, A. E., Krug, H. P. & Cash, E. K. New or little known Ascomycetes col- 
lected in Sao P^ulo in 1936. Mycologia 33: 390-404. f. 1-3. Jl-Au 1941. 
Johnson, E. L. Effect of X-radiation upon the growth of Lenma minor. XTniv. 

Colo. Stud. D 1: 165-175. /. 1-4. J1 1941. 

Johnson, G. T. & Jones, A. C. Data on the cultural charaeteristics'of a species of 
Copriniis. Mycologia 33: 424-433. Jl-Au 1941. 

Johnson, J. Chemical inactivation and the reactivation of a plant virus.' Phyto- 
pathology 31: 679-701. /. 1. Au 1941. 
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Martin, R. F. Papaveraceae of Nevada. In Contributions toward a flora of 
Nevada No. 31. U. S. Dept. Agr. Div. Plant Exploration, Bur. Plant Ind. 
33 mimeog. pages. 21 My 1941. ^ 

Merrill, E. D. A new species of Premna from the Philippines. Phytologia 2: 
5, 6, Au 1941. 

Metcalf, F. P., Notes on Clematis. Lingnan Sci. Jour. 20: 129, 130. pi. 4, S. 31 
My 1§41. 

Miller, I|j. P. Pate of chloral hydrate absorbed by growing plants of Lagenaria 
leiicantlia. Contr. Boyce Thompson Inst. 12: 167-169. Jl-S 1941. 

Miller, L. P. Simultaneous formation of a j3-gentiobioside and a p-glueoside in 
gladiolus conns treated with chemicals. Contr. Boyce Thompson Inst. 12: 
163-166. Jl-S 1941. ® 

Moldenke, H. N. Lespedesa violaeea in New Jersey. Torreya 41: 116, 117. Jl- 
Au 1941. 

Moldenke, H. N. Novelties in the Eriocaulaceae and Vertenaceae. Phytologia 
2: 6-32. Au 1941. ^ jp 

Morse, E. E. A new western Pholiota. Mycologia 33:^367-370. /. 1-7. Jl-Aii 
1941. J 

Morton, 0. V. Notes on Juniperus. Ehodora 43: 344-348. 14 Au 1941. 

Monsley, H. Two orchids new to the province of Quebec and the Dominion of 
Canada, SpirantJws vernalis Engelm. & Gray and Spira^ithes cernua (L.) 
L^C. Rich var. odorata (Nutt.) Correll. Oanad. ^^ield Nat. 55: 79, 80. 
^ pi. 1, 2. S 1941. ■ ^ 

Murphy, H. F. The effect of soil fertility on the efficiency of w|to>fSige by 
plants. Proe. Okla. Acad. Sci. 21: 77, 78. 1941. 

Murrill, W. A. More Florida novelties. Mycologia 33: 4C^448. J|<-Aii 1941. 
Nickerson, W. J. & Tliimann,»K. V. The chei^ical co7itroly^ conjugation in 


Zygosa echaromyces. 


Am. Jour. Bot. 28:^ 
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Norton, J. B. S. Ei:phorbia ccroUaia in the Appalaeliiiins. CastaiK'a 6: 79. My 
1941. 

O’Neill, H. & Duman, M. A new species of Carex and some notes on tliis genus in 
Arctic Canada. Bhodora 43: 413-425. pi. 669. S 1941. 

^terhpiit, W. J. V. Effects of nitrobenzene and benzene on VaJonia. Jour. 

Physiol 24: 699-702. 20 J1 1941. 

Pady, S. M. Notes on Coprimis micaceus growing in an unusual habitat. Myco- 
logia 33: 411-414. Jl-Au 1941. 

Parodi, L. R. Notas sobre algunas plaiitas invasoras de los cultivos en la Argen- 
tina. Rev. Arg. Agron. 8: 8-15. Mr 1941. '' 

Parodi, L. R. Revision de las gramineas sudamericanas del genero Jlierochloe. 

Notas Mus. La Plata NS 3 (Bot. 14): 183-212. 1941. 

Parodi, L. B. V’'iaje a la region de Bahia Blanca. Rev. Mus. La Plata Sec. Of. 
1940: 69-78. /. 1-7. 1941. 

Parodi, L. B. & Valencia, J. I. Oramineas criticas del genero Festiiccr (subgenero 
Vulpia). Rev. Arg. Agron. 6: 276-281. /. i, D 1939. 

Penland, 0. W. T. The alpine vegetation of the southern rockies and the Eeua- 
dorean Andes. Colo. C^ll. Pnbl. Gen. Ser. no. 230: 1-30. /. 1-6*. My 1941. 
Pennak, B. W. A bibliography of high altitude limnological investigations in tlie 
western United States. Univ. Colo. Stud. D 1: 225-?29. J1 1941. 

Porte^, O. L. Studies in Wyoming grasses III. LTniv. Wyo. Publ. 8: 53-58. 1 Ap 
1941. * 

Porter, C. L. & Lang, B. Studies in Wyoming grasses II. Univ. Wyo. Pul)l. 8: 
33-52. 1 Ap 1941, 

Price, W. C. Classification of Hawaiian CommeUna mosaic virus. PliYto])atholcrgy 
31: 756-758. f. 1. Au 1941. 

Price, W. 0. & Blac^, L. M. Unrelatedness of tobacco-streak and potato yellow- 
dwarf viruses. ^4m. Jour. Bot. 28: 594, 595. f. 1. Au 1941. 

Band, F. V., editor. Phytopathology thirty year index (V^olumes 1-30, 1911- 
1940). Aineriean Phytopathological Society, l-v, 1-335. Lancaster, 1941. 
Basmussen, D, I. Biotic communities of Kaibab Plateau, Arizona. Ecol. 
Monogr. 11: 229-275. /. l-£0. J1 1941. 

Becord, S. J. & Hess, R. W. American woods of the family Boraginaceae. Trop. 
Woods 67: 19-33. 1 S 1941. 

Beed, C. A. Recent changes in nut nomenclature. Nortliern Nut Growers Assoc. 
Rept. 31st Meetings: 88-94. [1941]. 

Binehart, F. Physiological studies of pollen tubes in the style. Proe. Okla. 
Acad. Sei. 21: 65. 1941. 

EitcMe, D. A fixation study of JRiisstda emetica. Am. Jour. Bot. 28: 582-588. 
pi. l;2. All 194'r>.. 

Bobbins, W. J . The pyi ^dine analog of thiamin and the growth of fungi. Proc. 
Nat. AcaS. Sci. 27: '419-422. S 1941. 

Bobbins, W. J. & Kavanagli, F. TMazole effect on Fhyeomyces. Proc. Nat. 
Acad. Sci. 27: 423-427. f. 1. S 1941. 

Bobinson, T. W. ^ Stier, T, J. B. Formation of auxin in yeast cultures. Joiir. 

Gen. Physiol. '24: ^,65-769. 20 J1 1941. * 

Bolai^ A. B. Notes on the flora of Nova Scotia— II. Rhodora 43: 337-344. 

i4^nii>i. ^ . 

Rollins, B.C The erm'lferous gemx^ Bryopetalon. Contr. Dudley Herb. 3: 199- 
205. pL 41^49. 3^^’;i 1941. 

Bollins, B. C. iVN^Ojg^og'^y^aphic study of Arahis if: western North America. Rho- 
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dora 43: 289-325. /. 1. 12 J1 1941; 348-411. /. 1. 14 Au 1941; 425-481. /. 
l-,5. 8,1941. 

Bolliiis, B. C. Some generic relatives of Capsella. Coiitr. Dudlev Her)). 3: 1S5~ 
198. pi 47. 30 J1 1941. 

Rosene, H. F. Water balance in the onion root: i-elation of voliinic* ii^ko t,^) 
volume exudate of excised roots and isolated root segments. Plant 
16: 447-460. /. 1, J1 1941. ^ 

Rousseau, J. La botanique canadienne a Pepoque de Jacque?! Cartier. Contr. 
Inst. Bot. ITniv. Montreal 28 : 1-86. 1937. 

St. Jolin, Hi New and noteAVortliv northwestern plant: — Part 9, notes on North 
American Thermopsis. Torreya 41: 112-115. Jl-Au 1941. 

St. Jolin, H. Revision of the genus Sivertia (Gentianaceae) of tlie Ainericas and 
the reduction of Frasera. Am. Midi. Nat. 2,6: 1-29. J1 1941. 

Sallans, H. R., Meredith, W. O. S. & Anderson, J. A. Varietal differences in 
barley Sr and malts. XI. Simultaneous relations between malt extract and two 
or more barley properties. Canad. Jour. Res. 19: 234-250. J1 1941. 

Sanchez Marroquin, A. Algunos datos ecologicos aeerea de los Agaricaeeos de la 
Regicin de Chicago, 111., E. U. A. An. Eseuela Nac. Ciene. Biol. 2: 11-34. 
pi. 1. 1941. * 

Santa Cruz, A. Dos p%ntas que contienen eiiieol. Rev. CTiilena Hist. Nat. 37: 
145-147. 1933. 

Santa Cruz, A. El arsenal de nuestros herbolarios. Rev. Ohiiena Hist. Nat. 43: 
20-26, 1939. 

Santa Cruz, A. La trupa o tabaco del diablo. Rev. Chilena Hist. Niit. 36: 98- 
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Santa Cruz, A. Lasplantas magicas mapiiches. Rev. Chilena Hist. Nat. 41: 172- 
177. pi 6 + f. U, 1937. ^ 
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Santa Cruz, A., Plantas purgantes chilenas. Rev. Chilena Hist. Nat. 39: 34--41. 
1935. ^ 


Santa Cruz, A. Un huesped ignorado. Rev. Chilena Hist. Nat. 38: 12-15. /. 4. 

1934. 

Santa Cruz, A. Un sucedaneo de la pituitriiia — Ahutilon mtifoUum PresL (Sida 
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Santa Cruz, A. Una planta venenosa. Rev. Univ. Santiago do Glrile 22: 57-60. 
Je~Jl 1937. 

Schneider, W. & tihilders, N*. F. Influence of soil moisture on photosynthesis, 
respiration, and transpiration of apple leaves. Plant Physiol. 16; 565-583. 
/. 1-3. J1 1941. ^ 

Schnell, L. The induction of polyploidy in Vinca rosea L.|' Proc. Okla. Acad. Sei. 

21:67.1941. ' 

Schnooberger, I. & Wynne, F. Some mosses new to Aloiint Desert Island and 
Alaine. Bryologist 44; 102, 103. Au 1941. 

Scjiweinfurth, C. A new species of Aspasia from Panama. Harvard Bot. Mus. 


Har- 


Peru. 


v' L2\fl. 10: 21-23. pi 1. 31 J1 1941. ^ 

Schweinfurth, C. Nomenel^^ changes, Bexadesinia to Scaphpfjlotfis. 

vai-d Bot. Mus. Leaf!. 10: 27, 28. 31 J1 1941, 
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Schweinfurth, C. Nomen clatorial notes among ^outh .4,.aeric^ orchids. liar 
vard Bot. Mus. Leafl. 10: 32-38. 31 J1 194L ' ^ 
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Qaises. Carib. Forester 2: 154-159. J1 1941. 

Steward, F. 0. & Preston, C. Effects of pH and the components of bicarbonate 
and phosphate buffered solutions on the metabolism of potato discs and their 
ability to absorb ions. Plant Physiol. 16: 481-519. /. 1-9. J1 1941. 

Stout, A. B. & Chandler, 0. Change from self -incompatibility to self-eompati- . 
bility accompanying change from diploidy to tetraploidy. Science 94: 118.-- 
1 Au 1941. 
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Enles of Nonreiiclature. 


Abies amabilis 135, 138; balsamea 173; 
grandis 135, 137-142; lasiocarpa 138; 
nobilis 138, 141 ; venusta 341, 343 
Abuta boliviana 238; bidlata 240; Can- 
dollei 241, 242; concolor 240; grandi- 
folia 240; GrisebachU 241, 242; imene 
240; Klugii 241; macroearpa 240; obo- 
vaia 240 ; panurensis 240 ; racemosa 240 ; 
rigida 240 ; rufescens 241 ; Selloana 241 ; 
splendida 241 ; trmervis 240 
Acer cnrci'/wit/car'flSl ; macropJiyllum 134 
Achlya flagellata 49-51, 63, 76 
Acrocarpus steUaPiis 331 
Adnaria odorata 532 

Aecidium Archibaccharidis 471; blephari- 
dis 43; Brideliae-micr^Jtitbae 48; Cy- 
nancbi 48 ; Evansii 471; leoiiense 48; 
nairobianum 471; paclmcephalivm 471 
Agave attenuata 229, 234; eJiloracantha 
229, 234; sisalana 234; virgmica 229, 
235 ; Development of the embryo sac in 
229;^mpupe 234 
Agrostis alba 373 

Akins, Virginia, A cytological study of 
Carteria crucifera 429 
Albrecht, Wm. A., and N. C. Smith, Cal- 
cium and phosphorus as they influence 
manganese in forage crops 372 
Albugo BUti 96; Candida 96 
Aixus rubra 134 
Alse'U)smia macro phylla 319 
Alstroemeria revoluta 306, 310; SpathU’ 
lata 552 

Altamiranoa Goldniani 475, 476 
American Botanical Literature, Index to 
71, 125, 202, 257, 333, “420, 507, 599, 677 
Ayiabaena oscillarioides 665 
Andes, J. O., Experiments on the inheri- 
tance of the pills’^ and ^Lninus’’ char- 
acters in Glomerella cingulata 609 
Andromeda baccata 540 
Anelasma Guianense 240 ; pallidum 240 
Angiopsora compressa 467 
AnomOoipermim c'hloranthum 239; Dielsi- 
an un^' 239^ Host ma7i7ii 239; lucidum 239; 
fiitidtim 239; reticulatum 239; Sc}i07n- 
b urglHi 23.9 
Ano7ia cherimolia 467 
Apex, shoot, structure of 339, 618 
Ap]ia7iisiomeno7i, Notes on, with a descrip- 
tion of a new species 326; americanum 
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327-329; Flos-aquae 326, 

77idh7ni 326, 327, 329 
Apiasinnini patens 124 
Apium pat 6718 124 
Araucaria Bidicilli 341 
Arbutus obtusif ol i us 532 
Archibaccharis serra! if olia 471 
Ardisia Breclcenridgei 322 
Ai'enaria nmltifida 121 
Arracacia anomala 121 ; argnta 121 ; airo- 
purpurea var. brevipes 121; disseata 
121; Dugesii 121; fruMcosa 254; multb 
fida 121; Pringlei 254, 255; pubescens 
121; Scheidei 121; teniiifoUa 121; ter- 
nata 25? ; tolucensis vn3. miiltiflda 121 
A SCO b 0 lus magni fic us 291 
Ascorbic acid content of eowpea plants 
519; Metabolism® of, in eowpea plants 
359 

Ashby a Gossypii 452-455, 460 
Aspilia latifoUa 47, 468 
Asterohyptis Seemanyii 554 
AstranBiium integrifoliii'm, Gytopliyletic 
analysis of 615^ 

Atriplex eayiescen^ 410 
Aulacomnium lieterosticlmm, Development 
of the peristome in 569 ; pahistre 573 
Avema sativa 519, 527 
Axonopus co77XpressiiH 4:31 


Bailey, Harold E., The biology of Boly- 
poi'us basUaris 112; Contributions to the 
biology of Polyporus rheades (Pers.) 


Fries 198 f 

Baker, Gladys E., Studies in the genus 
Physalacria 265 

Baldivin, J. T., Jr., Cytophyletic analysis 
of Asti'anthiu y^^integrifoliiim 615 
BANNifN, M. W,, Variability in wood struc- 
ture in rootZ of nativ*‘ Ontario conifers 

173 -f 


Baphia nitid^ 47 

EArghoorn, illLSO S., Ontogenetic develop- 

■ ment and phylog<^ietic specialisation of 

rays in the ]gylem of dicotyledons — III. 
The elimination of rays 317 ^ 

Barty'aynia po7nifonnls 571 
Bef aria, A dlse^^ioii of.t*re genus in North 
America 1 0 ( cubcn .7/ .s* 1 01, 1 0 3 ; dis- 
color 104-1 9, 111'; fioribunda 105; 

GJiiesbrecht ma 103. 104 ; qlauca 103- 
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111; var. typica 103; guatemalensis 
110, 1X1; Hiiitonii 108, 111; laevis 103, 
104, 108 ; LedifoUa 102, 107 ; Matthewsii 
107; mea-icana 102-111; racemosa 101- 
103 

]Sellis annua 616; integrifolia 616; 

cana 616; perennis 616; rottmdifolia 
616 ; sylvestris 616 

Benson, Lyman, North American Ma- 
nuncAili — I 157 ; II 477 ; III 640 
Bergia texana 151 
BeUila alba 566 

Biology of Polyporus hasilaris 112 
Biotin and the growth of Ftisariiim avena- 
ceiim 446 

Blepharis boerliaaviae folia 43 
Blomquist, H. L., and 'Lora Lee Eobeet- 
SON, The deyelopmeiit of the peristome 
in All lacomnium Jieterosticlmmf^5Q9 
Botanical Literature, Index to American 
71, 125, 202, 257, 333, 420, 507, 599, 677 
BoirycMuni simplex 15 j ‘oirginiannm 15 
Botryopsis Spruceana 238 
Bouchea hoyacana 498 
Breeding w^ork toward the development of 
a timber type of blight-resistant chest- 
nut: report for 1940 667 
Brenckle, J. F., Notes on Polygonum 
(Avieularia) 491 % 

Bridelia micra7itha 48 
Bryophylhim calycinmn 520, 529 
Bryopteris filicima 638; fniticulosa, Yege- 
tative reproduction in 636; tenuicaiilis 
639 ; Wallisii 35, 36 

Burkholder, Paul E., and Ilda McVeigh, 

^ ' Miiltiiiucleate ^ ^ plant cells 395 
Buxbauniia indiisiata 571 
Buxella brachycera 538, 539^ 541 
Byrsonima Bucherae 676; Wrightiana 677 


Cacti of the canyon of the Colorado Eiver 
and tributaries 409 w. 

Calcium and phosphorus Ak they in^luenee 
manganese in forage crop ^|3 7 2 
Camp, W. H., Studies in the EX^ales: A dis- 
cussion of the genus BefaHa in North 
America 100; A revision of! the North 
American Gaylussacieae ; with remarks 
on the origin and migration of the group 
531 

Carex pen^'y^anid^ 45 
Carteria crucifer A eyt#J^gical study of 
429; oordiformii^4:29 A 
Castanea crenata 6Ap, 67(7^:672, 67^; den- 
tata 669-674; floridana Vf>9; moUisima 


667, 669, 671, 672 ; neglecta 669; pumila 
669, 670; sativa 673; Seguinii 667, 669 
Cateiiochytridium^ caroUnianmn 387 
Caudalejeunea, Lehmanxiioma 32 ^ 

Celastrus scandens 609 
Centradeniastrnm aibum 244; roseum 244 
Cephalocarpus 20, 23 

Ceratodon purpureus 571, 572, 577, 580, 581 
Cercidium elongatuni 440 
Cliestniit, Breeding work toward the de- 
velopment of a timber tj'pe of blight-re- 
sistant 667 

Chlamydo monas BilU 443 ; eugametos 443 ; 
monad ina 443; nasuta 435; pauper a 443; 
variabiUs 440, 443 

Chlorogonium elongatmn 440, 442 ; eiich- 
loriim 440 

Chondodendron cretosuni 238 ; liinaciifolinm 
238; jnicropJiyllum 237; platyphyllum 
237; polyanilium 238; tomentoearpum 
238; fomentoxum 238; toxicoferum 238 
Chromosome beliavior at meiosis in triploid 

Tradescantia hvbrids 207 
f 

Chrysler, M. A., vStruetiire and develop- 
ment of Opkioglossum palmatum 1 
Cirriphyllum Boscii 573 
Cladochytrid^^m sfomopJiyllum 383 « 
Cladoehyfriiim Ityalinum 387 ; repUcatimi 
85, 387; tenne 387 

Clausen, Egbert T., Studies in the Cras- 
sulaceae — II. Mexican Sedoideae col- 

lected by E. K. Balls in 1938 473 ; Studies 
in the Gentianaeeae Gentiana, Section 
PneumonantJie, Subsection Angustifoliae 
660 

Clidemia foliosa 252 ; graciUs 253 ; heffro- 
phylla 252; juruensis 252; Killipii 251, 
252; PEtim’252 

Clover, Elzada U., and Lois Jotter, Cacti 
of the canyon of the Colorado Eiver and 
tributaries 409 ^ 

Cnidiuni peucedanoides 122 
Cocculus cinerascens 237 
Cogsivellia Hendersoni 123 
Colorado headwaters area, Forest replace- 
ment rates in 407 

Colorado Eiver and tributaries, Cacti of 
the canyon of 409 

Comparative studies on tlie strueturtvof the 
shoot apex in seed plants 3^3^ 
Constance, Lincoln, and Mildi*jEd E. 
Mathias, New combinations and new 
names in the Umbellifera'e 121 ; Three 
new species of Mexican ITinbelliferae 254 
Contributions to biology of Polyporus 
reacfes (Pers.) Fries 198 
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Corema Coriradii 322 
Corticiuni vacuum 460 

Cowpea plants, metabolism of ascorbic acid 
^ in 359-370; ascorbic acid content of 519- 
530 

Crassulaceao, Studies in tlie 473 
Cross, G. L., and T. J. Johnson, Struc- 
tural features of tlie shoot apices of 
diploid and colchicine-induced tetra- 
ploid strains_^of Vinca rosea L. 618 
Cruclcshanlcsia Bustillosi 471 
Cryptanghini stellatum 330, 331; stramin- 
eum 25 

Crypto glena eordiformis 429 
Cummins, George B., Descriptions of 
tropical rusts — JV 457 j New rusts from 
America and Africa 43 
Cupressiis macrocarpa 112, 113, 116, 118, 
119 

Cycas revoluta 342, 344, 346 
Cylindrocliytridium Johr^toiiii 381 
Cynanclnnn Manni 48 
Cyperaceous genus frojp northern South 
America 330 

Cyperus acuminatus 151; paniculatus 470 
Cytological studies in Lactuca 388 
CytolOgical study of Carteria crucifera 429 
Cytophyletic analysis of Asiranthiuon inte- 
gri folium 615 

Dandelions, Proliferation of, from roots 
351 

Dasystephana tenyifolia 662, 663 
Becachaena 531-536, 540; haccata 540; 

frondosa 540 ; nana 540; tomentosa 540, 
^5^41; ursina 540 
Bedhmermm 532, 534 
Descidptions of tropical rusts — IV 467 
Development of the embryo of Hordenm 
sativum 585 

Development of the enjbryo sac in Agave 
virginica 229 

Development of the peristome in Aula- 
comnium heterosticJmm 569 
Bianea arguta 124; diffusa 124; glauca 
124; longipes 124; montana 123; Nel- 
sonii 124; Pringlei 124; purpurea 124 
Didimiandrum 330; flexifolium 331; stel- 
latnm 331 

Biole^a a^eulata 246; purpurea 246 
Bioon^ed'ide 344, 346 
Biphysium foMosum 571 
Biploma tPmdfolia 662 
Dodge, B. 0., and Thomas Laskaris, 
Papulaspora Gladioli 289; Eed-bloteh of 
Hippeastrum 463 ® 

'I 

a 

Cl 


Donnellsmithia biennis 122, 255; cordata 
122 ; dissecta 122 ; Hintonii 255; iiiadren- 
sis, 122; mexicaiia 122, 255; ovata 122; 
peucedanoides var. purpurea 123; reticu- 
lata 123 ; serrata 123; siib^ontana 123; 
tuberosa 123 

Box^ningia mwabilis 153; or}iati.^.si},ia 153 
Brudeophxjium glaacum 121 
DuUchimn ariind i n acr u m 134 
Duranta armata 498; Dombeyana 499; 
guatemalensis 501; peruviana 501; var. 
longipedicellata 502; Skottsbergiana 
502; Woronowii 503 

Echinocereus acifer 411 ; canyonensis 417 ; 
coccineus 411; decumbens 417; Engel- 
mannii 410, 412; Fendleri 413; mojaven- 
sis 413; octacanthus 410-412; poly- 
cepJialus 411 

Elissarlimia grandi folia 243 
Embryo of Hordeum satmw^^^^ 585 
Endochytrmm operculatum 60, 387 
Eoagaricus in flat us 279 , 

Epilob iiim angustifoli im 1 3 4 
Epling, Carl, Supplementary notes on 
American Labiatae — II 552 
Ericales, Studies in 100 
Eriocaulaceae, New or noteworthy Soiitli 
American 67 
Eriophorum gratile 134 
Eschscholtsia calif ornica 170 ; crocea 170 
Eiidorina elegans 440 ; illmoisexxsis 440-442 
EidopJius peucedanoides 122 ; ternatus 122 
Everardia 20 ; angiista 20, 22, 24, 25, 28 ; 
duidae 24, 25, 30; glaucifolia 24, 25, 27, 
28; gracilis 24, 26, 28; longifolia 20, 24- 
26, 28; montana 20-25, 28, 30 ; revoluta 
24, 25, 28, 30 

Experiments ^on the inlieritance of tlie 
‘Spins’’ and ‘^miiiiis^’ characters In 
Glomerella cingulata, 609 


Factor Z in hyb^^id maize 222 
Fagup sylvaticc 359 * 

Ferocactus aQgyithodes 411, 413 
Fissidens x^i^tatus 573® 

Fames axinciyus 113 

Forest rep n cement rates in tlie Colorado 
headwaters area 407 

Foster, Adriance®S., Comparative studies 
on the structure of the shoot apex in seed 
plants, 339 

Frankenia graj^i flora 
Fraxinus orecflma 134®^ 

Fulford, MA’|^?i.RET, Studies on American 
Hepaticaeg-I. Revision of the genus 


I ;^ o 
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32 ; III. Vegetative repro- 
duction in Bryopteris fruticiilosa 636 
Fimaria hyyrometrw^^ 570, 572, 577 
Fiirtlier pollen studies of post pleistocene 
bogs in tli^ Puget Lowland of Washing- 
ton 

Fusarlum avenaceum, Biotin and the grcfwth 
of 446 

Cranltheria Shallon 134 
Gaylussacia 531-551; amazoniea 547; 
haccata 537, 538, 540, 547 ; hracTiycera 
535, 540, 546; huxifoUa 534, 536; 

cacumims 536; Chamissonis 537; dumosa 
540, 547; frondosa 537, 540, 541, 547; 
var. 7iana 540 ; var. tomentosa 540 ; Ms- 
pidiila 535 ; LedifoUa 537; Mosieri 539, 

542, 543, 546, 547; 7imia 537, 538, 547; 
oetosperma 537, 538; orocola 540, 547; 
pallida 537; Fseudogaidtlieria 542, 

543, 546; resinosa 540; MedeUl 539; 
salicifoUa 539; iliymelaeoides 537; 
tomentosat dS7 , 538, 541, 542, 547; ursina 
537, 538, 546, 547 

Gaylussaeieae, North American 531 
Gentianci^ Section Pneumonanthe, Subsec- 
tion AngustifoUae 660; alba 662; an- 
gustifolia 660; parviflora 661; Pennel- 
liana 662, 663 ; Porphyrio 660-663 ; pur- 
purea 660, 661; Stonetlna 660; tenui- 
folia 662 

Gentianaceae, Studies in 660 
Genus Fverardia, The 20 
Genus Oreuttia, The 149 
Geraniurn trident 320 
Ghinia Garde nasi 504 

Giles, Norman, Chromosome behavior at 
meiosis in triploid Tradescantia hybrids 
207 ^ ‘ 

Gilly, Charles, The geiim Fverardia^ 20; 
A new cyperaceous genus from northern 
South America 330 
Ginlcgo hiloba 3,43 

Gi^eason, H. a., Novelties in the Me^asto- 
inaceae 244 e 

Glomerella cmgulata, Experininits on the 
inheritance of the ^‘pliis^^ an I ^Gninus’’ 
charaeters in 609 / 

Graves, Arthur HApiouNT, Breeding 
work toward a timber typ^s of blight-re- 
sistant chestnut yrepoit foi 1940 667 
Growth curves, V|ddity of cf (nations for 
relative growth cL^stants^^OS 
Gyrosigma Spencerii227 

-■ ' ^ 

Saematococeus phivialis 435^ 440-442 
Hansen, Henry P., Further p7llmi studies 


of post-pleistocene bogs in the Puget 
Lowland of Washington 1.43 
Hedeonia floriMmdum 553 
Hemeroeallis, The infioreseenee in 305^ 
aurantiaca 466; fidva 306, 311, 314, 315, 
466; minor 305; midtiflora 313-315; 
nana 306-309, 314, 316 
Bemileia OxyantM 467 
Henrya imbricans 468 
Hepaticae, Studies on American 32, 636 
Tleptacarpus salmonieolor 105, 109 
Hesperogenia Striclclandi 121 
Kippeasfrim, Bed-bloteli of 463 
Holodiscus discolor 134 
Hoover, Robert F., The genus Oreuttia 
149 . r 

Hordeum sativum. Development of the em- 
bryo of 587-597 
ILydnum ochraceum 115 
Rypnurn mollusc um 573 ; sylvaticum 581 
Hypoxis hirsuta 4^5 
Mypoxylon pruinatum 460 
RypUs brachiata ^555 ; brachypoda 555 ; 
hirsuta 554; involuerafa, 554; Pseudo- 
lantana 555; pseudosinuata 555; rhy- 
tidea 555; sidae folia 554; villicauUs 
554 

Index to American Botanical Literature 71, 
125, 202, 257, 333, 420, 507, 599, 677 
Intiorescenee in RemerocaPiSy The 305 
Ives, Ronalb L., Forest replacement rates 
ill the Colorado headwatervS area 407; 
rapid ideiitilieation of the montane-subal- 
pine zone boundary 195 ^ 

Johnson, T. J., and G. L. Cross, Struct'Lral 
features of tlie shoot apices of diploid 
and eolehieine-indueed tetraploid strains 
of Vinca rosea L. 618 

Jotter, Lois, and Elzaba IT. Clover, Cacti 
of the canyon of the Colorado River and 
tributaries 409 
Jurgensiana mexicana 105 

Kalmia poJdi folia 134 
Karling, John S., Cylindrochytridium 
Johnstonii, gen. iiov. et sp. nov. and 
Nowakowskiella profusum, sp. nov. 381 
Krukopf, B. a., and H. N, MoLDENKEr Sup- 
plementary notes on Amer’^in Meni- 
spermaceae 237 

Labiatae, American, Supplementary notes 
on 552 

Lactuca^ Cytological studies in 388 ; altaica 
393; canadensis 388, 390-393; floridana 
388-3^2 ; graminifoUa 388-393 ; indica 
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388-391, 393 ; lladdeana 388, 390, 391, 
393 ; salAgm. 393; sativa 388-391, 393; 
scariola 393; spioata 392; tatarica 388- 
391, 393; vlrosa 388-391, 393 
Lagenocarpiis rigidus 20, 21, 23; stellatus 
331 

lAimmin alhu/m 359 

Lantana boyacana 505; soatensis 506 
Larix laricina ITS, 177, 178, 180-182, 185, 
186, 188-190 

Lasiococcus dumosiis 535, 536, 540 ; Mosieri 
535, 536, 539; orocola 535, 536, 540 
Laskaris, Thomas, and B. O. Dodge, 
Papulaspora Gladioli 289; Eed-blotch of 
Hippeastrum 463 
Leandra liyloplii],a 246 
Ledum groenlandicum 134 
Lejeimea amaBonica 32, 37; comosa 39; 

dusoptera 32, 42; ptero'bryoides 32, 35 
Lenopliyllum refiexum 496, 497 
Leptocaulis mermis 124 ;,^)ate'ns 124 
Leptotaenia Eendersoni 123; Leihergi 123 
LespedeBa stipidacea 37^3 
Libocedrus decurrens 176 
Ligusticella Macounii 123 
Ligiisticum brevilobum 123 ; filieimtm var. 
terjuifolium 123; Macounii 123; organum 
123 ; Porteri var. ‘brevilobum 123 
Limnaiitlies rosea 153 
Lipm:a,n-, Charles B., The successful re-“ 
vival of Nostoe commune from a herbar- 
ium specimen eighty-seven years old 
664 . ' 

Lippia asperif alia 472 
Ijiterature, ^ Index to American Botanical 
Xl, 125, 202, 257, 333, 420, 507, 599, 677 
Lomatiuni 'Hendersoni 123 
Lophodermitm Pmastri 460 

Ma, Boberta, and William J, Bobbins, 
Biotin and *the gibwth of Fusarimn 
avenaceum 446 

Maize, 395, 396; Factor Z in hybrid 222 
Manganese in forage crops 372 
Marasmius androsaeeus 460 ; perforans 
460 

Mathias, Mildred B., and Lincoln Con- 
stance, New combinations and new 
names in the Umbelliferae 121; Three 
iieL sp5^es of Mexican Umbelliferae 254 
Mau/la glauca 471 

McLarty B. A., Studies in the family 
'Woroni^Ceae 49, 75 

McVeigh, Ilda, and Paul B. Burkholder, 

‘ ^ Multinucleate ’ ’ plant cells 395 
Meiosis in triploid Tradescantia hybrids 

% 

A 


Mjdariconiiiui betulinuu) 4CjO 
Melanospora de.stni^-ii.s 
Melastoinaceae, Novelties in 244 
Melilotus alba 373 
Melosira granulata 327 
M^enispermaceae, SuppleinentaX^rotes on 
American 237 
Menyanthes trifoliata 133 
Meriania boliviensis 245 ; Columbiana 245; 
qidntupl/inerviH 245; speciosa 24(»; d'eh- 
erbaueri 245 

Merry, James, Studies on tlie einln-yo of 
Hordeum sativum — I. The development 
of the embryo 585 

Metabolism of ascorbic acid in cowpea 
plants 259 

Mexican Sedoideae collected l)y E. 3v. Balls 
in .1938 573 

Mexican Umbelliferae, Three new species 
of 25-^ ^ 

Miconia aealephoides 249 ; a ma h ills 249; 
axinaeoides 248 ; Bangii 250 ; barbicaulis 
248 ; cardiophy^a 249; chrysocoma 251; 
divergens 251; KiUipii 250; lasiostyla 
249; Lechleri 249; mapirensis 249; 
megastigma 250 ; niodlca 249 ; plumifera 
249; pubicalyeis 247 ; rosea 247; Skutchii 
250; stellulata 247; Urbaniana 248; 
Wagneri 249 

Microcystis aeruginosa 326 
Microdracoides 22 
Minthostachys mollis 553 
Miscellaneous taxonomic notes 675 
Mitrula in flat a 279 

Mnium ctispidat'im 572, 577, 578, 581; 
liornum 570 


Moldenke, Harold N., Miscellaneous tax- 
onomic notes 675; New or noteworthy 
South Am|ricaii Eriocaulaeeae 67; New 
species and varieties of Verhenaeeae from 


Central and South America 498 


Moldenke, H. N., and B. A. Krukoff, Sup- 
piementary ifotes on American Meni- 
spermaceae 237 

2Io7iochaet'un liowpla^di 244, 245; cal- 
vescenis ^4 

Monochytrpm Steverisianum 95 
Montane-st|halpme zone boundary, Eapid 
identitieation of 195 
Moringa oleif^era 234 
^‘Multinucleate’^ plant cells 395 
Musmeopsis aegopodiiides 122 ; arguta 
121; bic7ini^22; \^a|. pvnnatiseeta 122; 
cor data uQ: dissect a 122 ; fusiformis 
12J; glaiuT12S; niadre^isis 122; ocata 
122; peuf^danoides 122 ; pubesernu 121 ; 
f iii'p urea* I' 12S ; reticulata 123; scabredla 
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122; Schaffneri 122; serrata 123; suh- 
montana 123 ; temiissima 123 ; ternata 
122; var. fill folia 122; tuherosa 123 
Myristica Bndineriana 401 ; castaneae folia 
*398, 399, ^2, 405, 406; cJiartacea 398, 
401,**^??*?^ Gillespieana 399, 402-405; 
grandifiora 406; Gulliaiiminiana ^99, 
405, 406 ; Hollrungii 406; Eornei 406; 
hypargyraea 399, 400, 403, 405, 406; 
instdaris 399, 402, 403 ; inutilis 397-399, 
401; macrantha 398, 399, 406; macro- 
pJiyUa 406 

Naylor, E., Proliferation of dandelions 
from roots 351 
N emaiosciadium 121 
Nematospora Gossypii 460 
N ephrochytridvmn aurantiim 387 
New combinations and new^ names in the 
XJmbelliferae 12], ^ 

New cyperaceous genus from northern 
South America 330 

New or not^jworthy Soutli xVmerican Erio- 
caulaeeae 67 

New rusts from America and Africa 43 
New species and varieties of Verbenaceae 
from Central and South America 498 
North American Ranunculi — I 157; II 477; 
III 640 

Nostoc comnume, Successful revival of 
from a herbarium specimen 664 
Notes on Aplianisomenon with a descrip- 
tion of a new species 326 
Notes on Polygonum {Amcularia) 491 
Novelties in the Melastomaceae 244 
N owaPowsldella elegans 387 ; profusum 386, 
387 

N ymphozanthus polysepala 133 

Olpidiopsis Achlyae 52-55,^ 62-65; Cy- 
tology of 75-97 ; ApJianomycis 63 ; 
fihriUosa 57; ftisiformis 50, 57, 63; in- 
crassata 64; luxurians 50, 63; major 57, 
64; minor 57, 63; Saprolegniae 49, 50, 
57, 63; varians 50 ; vexans 50, 58 
•Ontogenetic development andVdiylogenetic 
specialization of rays in tPe xylem of 
dicotyledons^ — III. The eliirination of 
rays 317 '• 

'Ophioglossum Bngelmaflni 6, 14; fihrosmn 
3; moluccanum l4, ; pahna7um, Structure 
and development, of 1; pendulum 3, 4; 
7'etic'ulatum 10 ; pilgatu7%^5 
Oplismenus ^rmumfnf 470 v- 
Opuntia acanthocarpa 410, 4't4; aurea 415; 
basilar is 4:10, 414; BigGlovt^4A4:‘f l^'achy- 
clada 414 ; chlorotica 415;; cylind^iea 

4v.' f 


347; echinocarpa 414; Engelmanni 415; 
erinacea 414; hyster icing, 410, 416; 

laevis4:15; longiareolata 418; niojavensis 
415; molesta 414; phaeacantha 410, 415 ,^ 
polycantha 410, 416; 7diodantha 416; 
tetracantha 413; Vaseyi 415; Whipplei 
413 

Orcuttia calif ornica 149, 151-155; var. 
inaequalis 153, 154; var. viscida 153, 
154; Greenei 149, 151-154; maequalis 
149; pilosa 151, 153, 155, 156; teimis 149, 
151, 153, 156 
Orumbella Macotmii 123 
Ossaea rufibarbis 253 ; spicata 253 
Oxyafithus speciosus 468 

Pacific Island plants. Studies of 397 
Paepalanthus Arclieri 67; Kiilipii 67, 68; 
lodiciiloides 68, 69; paramensis 69; pro- 
cerus 70 ; viscosus 70 

Papulaspora Gladioli 289-294; magnifica 
291; rubida 2^2; sepedonioides 292 
Parapolytoma satiira 441, 442 
Parosela mollis 45'' 

Paspahm coiijugatum 467 ; deeimbens 467 ; 
disticJiophyllum 467; elongatum 467; 
fascieulatum 467 ; Humboldtianuin^ 467; 
paniculatum 467 ; pUcatulmii 467; trachy- 
cauleon 467 ; virgatum 467 
Peiranisia Buclierae 675 
Peuccdannm Hcndersoni 123 ; jimcetcm 122 
Phacotus angidosus 440 
Phakopsora 01ierimoiiae^467 
Phanerotaenia 124 ** 

Phaseolus vulgaris 519, 527 > 

Phellosperma tetrancistra 411, 416 X 
Philadelphus Gordo7tix^m^^^^^ 134 ^ 

Phoenix canariensis 347; dactylifera 347 
Phragmicoma Leh^nanriiana 32 
Phycomyces Blalcesleeanus 222, 456, 460 
Physalacria, Studios in the genus 265; 
aggregata 278, 280, 282; andina 278, 
282, 284, 286; Bambusae 278, 282; 
changensis 287; Clusiae 278, 282; con- 
.cinna 278, 282; Decaryi 278, 284; in- 
fiata 267-276, 278-281,^ 284, 287; Lani- 
.gloisii 278, 282, 284; orinoc€ 7 isis 278, 
279, 282, 284; var. andvna 284; riigosa 
287; Sanctae-Martae 278, 282,^ 286; 
solida 287; stilboidea 278; 284, 

286; villosa 278, 282 ^ 

Physopella CherimoUae 467 ^ 

PhytophtJiora infestans 292 
Picea Engelmanni 138, 187; glauca 173, 
174, 176, 180-182, 185-188, 192, 193; 
marimia 173, 174, 176, 177, 180-183, 185- 
188; sitchensis 135, 137-140 

r 
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Pimp'inella mexiccma 122 
Pi/mis albicauUs 138 ; Banicsiana 173, 177, 
180, 185, 186, 188 ; contorta 134, 137- 
^ 140, 142, 178, 196; flexilis 196; monticola 
134, 137-140; ponderosa 138, 176, 188; 
Stro-bus 173, 177, 186, 188 
Pisum sativum 301, 519, 527-529 
Pityoxylon anomalwn 191; Benstedi 191; 
foUosum 191; scAtiiatense 191; scituaten- 
siformis 191^ Seivardi 191; statenense 
191 

Pleiotaenia Nuttallii var. texana 124 
Pleodorma calif ornica 440 ; illinoisensis 
440, 441 

Poa pratensis 373 
Pocket rot Hi , 

Podospora curvula 460 
Pollen studies of post pleistocene bogs in 
the Puget Lowland of Washington 133 
Polygcnmn, Notes on 491; achoreim 491; 
argyroeoleo7i 492; Auib^rti 675; autum- 
nale 492-493, 495; avicidare 492, 495; 
baldsch'umiiciim 675;^ buxiforme 491; 
oam'panulatmn 675; cUimervis 675; com- 
pact’um 675; ciispidatum var. spectabile 
675; Fagopyrum 519, 528; humifusum 
492*, 493 ; latum 495 ; leptocarpum 495^ 
ti cMang ensis 675; multiflorum 675; 
Olivieri 494; polystacliyum 675; pro- 
lificum 495; ramosissirmim 491, 494; 
rubescens 491; Spaethii 675; Stevensii 
492, 493; Weyrichii 675 
Polypliagus Muglenae 85, 96 
Polypodium aureum 1 
Polyporus ^asilaris, Biology of 112; car- 
bQnar ins 115; cutifraetus 115; rheades, 
Contributions to the biology of 198; 
versicolor 113 

Polytaenia Nuttallii var. texana 123; 
texana 123 

Polytonia iivella 435, 4^0, 442 
Polytomella agilis 4:16, 442; eitri 440-442 
Polytrichuni jimiperinum 134; piliferiwi 
570 

Popidus tremuloides 196, 566; trichocarpa 
138 

Potamogetori natans 134 
Poie'/iiilla palustris 134 
Praot, Eobertson, Yalidity of equations 
foi^" reli?S|^ growth constants when ap- 
plied to sigmoid growth curves 295 
Pringshev^i^la dioica 95 
Prionoscia^im humile 256; simplex 255, 
256 

Proliferation of dandelions from igoots 351 
P7'umis avntfn 301 

A 


Pseudolpidium A jdiauomj/ri^s 63; deforuKUis 
64; f usiforme 49. (>3; gU nodinian u))\ 6)4; 
gracile 64; incrai-isafa 57, 6)4; Pythii 56). 
64; Saprolegjiiae 49, 63, 61; Spliaeritae 
64; stellatum 57, 63 ^ 

Pseudotsuga taxifoUa 134, 140, 

142 

Pteridiuin aqiiiliiium: 134 

Pnccinia Aspiliae-iatifoliae 468; blephxi- 
iHdis 43 ; compressa 467 ; constata 45 ; 
extensicoki 45; Henryae 468, 469; 

Oiclyta 470; levis 470; 'rnal'ensis 43, 44; 
inultUoculata 43, 44; opipera 468-470; 
Paroselae 44 ; PaspaMcola 467 ; puritariica 
45, 46; tandaaiensis 44; Thunbergiae 
44; tubulosa 467 

Pythiella vernalk 76 

Q'uercus agrifolia 199 ; DoiiglmU 198 ; 
Garrymia 136; lobat^. 198; Wislwenii 
1,98 

Ea7i/uncidi, Nortli, American— rl 157 ; II 
477 ; III 640 

Ea}iu7iculus abortivus 643, 644; var. aero- 
lasius 644; var. encyclus 645; f. 
giganteus 645; var. Ilarveyi 646; var. 
indivisus 646; var. tyi)ieus 644; acri- 
formis 477, 479 ; acris 157, 159, 168, 
477; var. S'ttvensU 161; adoiieiis 644, 
654-656; var. alplnns 655; ajfinis 649; 
afftnis lasiococcus 647; var. cardiophyl- 
lus 647; var. lasiocarpus 647 ; var. leio- 
carpus 649; var. micropetahis 649; var. 
validus 647; alceus, 165; alleghenicjisis 
643, 646; Allenii 643, 652; alpeophilus 
651; altaiciis 656; apetalus 649; arena t us 
478; ariso7iicus 642, 647; var. sub- 
affims 65 J; var. subsagittatuu 648; 
ar'imisis 640; Austenae 658; Belrisii. 
484; Bla7iki7is}iippii 170; Bloomcri 158, 
484, 485; Bongardi 158, 477, 479, 481; 
Bongardi Greenei 477;^ var. Douglasii 
478; var. Earlei 479; var. ieneUus 478, 
479 ; Boraea7ius 15g ; brevicaidis 658 ; 
bulbosu^57 , 162, 477; caMforniciis 157, 
162, 164^ 167-169, 171, 172, 477; var. 
canesccTt^ 170; var. caniis 169; var. 
crassifolius 169^ var. cuneat us 157, 169; 
var. g7'atus^l68; var. latilobus 167, 172; 
var. ludovicAamis 17L; canus, 157, 162- 
165, 168, 170, 477 BlaiilmisJiipii 

169, 170; lip.*. cafi^Aens 171; var. lies- 
peroxys 17?; var. keris* 163, 170, 171, 
6411; YduY. ^udovieia7itLS 168, 171, 640; 
cardiophij^Ats 642 ; var. coloradensis 648; 
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var, pinetorum 647; var. suhsaglttatiis platypliyllus 482^ 484; f. stenophyllus 

648; caricetoriim 485; caroUnianus 158, 482; ovalis 658 ; palmatus 484, 487; 

484,485; ciUo.ws 165; cuiieiform is 4:90 ; parviflorus 640 ; var. dim id iat us 641; 

cymbalistes 646; delitescens 646; Dep- parvulus 641; pedatifidus 642, 649, 65ff 
pei 167,jk:j8; digitatus 659; dissectus leieoearpus 649 ; piuetorum 647 ; 

167c*"^^; Douglasii 478; Dntmmondii pensylvanicus 158, 481; platypliyVu(s 

657; Eastwoodianus 642, 648; echiimtiis 482; politus 482; pygmaeus 644, 657, 

641; Eisenii 164; elUptieus 658; Escli- 658 ; vai\ petiola t)is 658 ; ram ulosus 65^^ 

scholtB'ii 644, 652; var. eximius 653, 654; Eattanii 164; reconditus 659; recurvatus 

YiiT. Selleri 656; oxynotus 658, 655; 158; var. adprcssipUis 477; var. fonti- 

vav. Suksdorfii 656,654, 656; Ysiv.trisectiis nalis 477; var. Xclsonii 166 ; f. Sargeri 
653, 654; exmiius 654; fascicularis 158, 477; f. laevicaidis 477 ; repens 157, 159- 

484; var. apriciis 490; var. euneiformis 162; var. erect us 160, 161; var. fiorepleno 

158, 490; var. Deforestii 489; glaher- 162; var. glabratus 160, 161; var. Ms- 

rhnus 644, 658; var. eUipticus 658; var. pldus 487; var. Unearilobus 160, 161; 

reconditus 659; Grayi 644, 656; Greenei var. macranthus 481;, v«r. major 166; 

477 ; Harveyi 646, 646; Ydj:. pilosus 646; var. pleniflorus 160, 162; var. mllosus 

hehecarpus 640, 641; var. pusiUus 641; 160; rhomboideus 644, 658; rivularis 

Helleri 653; hesperoxys 171; Mrtipes 480; ruderalis 644; rudis 480; Sabinii 

487; hispidus J58, 484, 485,^87, 488; 643, 649; sardous 640, 641; saxicola 

var. eurylobus 488; var. falsus 488; 654; Schlechtpidalilii 484; septentrion- 

var. oreganus 480 ; Holmei 644; Eookeri alls 484-486, 488; var. caricetorum 485; 

657; HoivelUi 165 ilUnoe7isis 489; var. marilandicns 487; var. nifidus 485 ; 

inanioenus 643, 649; var. alpeopJiilus var. pterocarpus 486; sieaef alius 485; 

651; var. subal^xinus 651; intermedius sieaef ormis 485; stenolobus 655; sub- 

484; Jovis 644, 659 ; latilob us 167, 168; affinis 651; suhsagittatus 648; var. sub- 
long Uob us 170 ; lucidtis 484; ludovician us a finis 651; Sul'sdorfii 654; sulpfiureus 

168, 171, 172; Lyallii 477; Macauleyi 644, 656; teneUus 478; var. Lyallii 477; 

644, 657; Macounii 158, 480; var. tennipes 162, 163; tomentosus 484; 

oreganus 480; macranthus 158, 481; trachyspermus 641; trisectus 654; triter- 

marilandicus 487; marmorarius 165; natus 659; Turneri 167; uliraniontanus 

maximus 482; michiganeaisis 644; 165 ; 651 ; 643, 652 ; 

micrantJms 643, 646; var. cymbalistes verticellatiis 644, 651); viciMilis 649; 

646; var. delitescens 646; micropetalus JValdroni 658 

689; numtanensis 166; muricatus 640; Rapid identificjition of the Kioiitaiie-sub- 

var, caroUnianus 640; Xdsonii 166, 478; alpine zone boundary 195 
Nelsonii glabriusculus 478; subs|). m- Red-blotch of IJippeastrum 463 

sularis 166; var, tenellus 478; nitidus Regen, Lorraine, The development of the 
484, 644; nivalis 644, 65^; var. EscJi- emlnyo sac iii Agav(mvirgi7iica 2i29 
seholtsii 652 ; f . subglobosus 656 ; nudatus Reid, Mary Elizabeth, Metabolism of 
647; occid entails 157-163, 164, 168, 169, aseorbie acid in c-owpea plants 359; Rela- 

477,478; var. alee us 165; var. brevistyUs tioii of temperature to the ascorbic acid 

166 ; var. dis§ectus 158, 165; var. Eisenii content of eowpea plants 519 
162-164, 168-170; var. hexasepalus 167; Reinhard, Edward G., Notes on Aphani- 

var. Hotvellii 15^8, 165; var. laevicaidis ^omenon witli a description of a new 

162; var. Lyallii 477; var. ^ontanensis species 326 

162, 166 ; var. Nelsonii IGty var. Relation of temperature to the ascorbic 

.parviflorus 477; var. Eattanjii 162; var. acid content of eowpea plants 519 

robust us 163; var. Jenellus 478; var. Beynoutria Auberti 675; baidschpanica 

Turneri 157, 167; vox. ^uliraniontanus 675; campanulata 675; cili^^rviv 675; 

163, 164, 170; qcreatus 656; octopetalus japonica var. conipacta G/5 ; var!' spec- 

485; oreganus %hS0 ; oreganus Macounii tabilis 675; iichiangensisr 6J5 ; multi- 

480; oreogenesi J65>9; ^rnithorhynchus flora 675; polystachya ' (7/5; SpaetMi 

482; orthorhynehus i58,Jl82, 483, 485; 675; WeyricMi 675 

var. aiaschensis 483; yaf. alpinu^, 655; EMsopMdiuin carpophilum 687 ; glob osiini 
Yiiv. Sedlei 483; var. maximus 482; var. 387 
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BM^ophlyetis Feterseni 387; 'rosea 95 
Rhodosciaditjm argiitnm 124; diffusum 
124; glancum 124; longipes 124; macro- 
^ phyllum 124; moiitanum 124; Nelsoni 
124; Pringlei 124; purpureum 124 
Bobbins, William J., Factor Z hi hybrid 
maize 222 

Bobbins, William J., and Boberta, Ma, 
Biotin and the growth of Fusarmm 
avenaceum 446 

Bobertson, i?ORA Lee, and H. L. Blom- 
QLJIST, The development of the peristome 
in Aulacomnium heierostichum 569 
Eoupala veraguens'is 471 
liubus macropetalus 134 
Busts from Aijierica and Africa 43 ; tropical 
467 

Sabal Pahnetto 1 
Saeeharomyees cereviseae 460 
Salix exigua 410; Scoiik^iana 133 
Salvia alamosana 556; a-marissi/ma 561; 
amethystma 565; ampUffons 564; arthro- 
Goma 563; betulifolia 566; eapiUosa 
560, 561; chalarothyrsa 556 ; einnabarma 
559; cordata 562; corrugata 557; ctis- 
pUiata 560; cyanantha 564; cyanical^ 
564; debilis 563; decora 563; Dombeyi 
567; erythrostoma 565; excelsa 568; ex- 
serta 559 ; fallax 563 ; fesUvae 560 ; 
fiJipes 562 ; flaccidifoUa 563 ; florida 568 ; 
graeiUs 563; gravida 567; Haenlcei 559; 
hirtella 558; Rolwayi 567; inconspicua 
556; Jacobi 562; Karivinsldi 567; Kil- 
Upiana 563; kmgukhda 564; latens 567; 
laurifoli^ 567 ; lavanduloides 556 ; 
Lenihae 565; leptophylla 560; melis- 
sodora 560 ; vumdax 557; rnexicana 566; 
Mocinoi 560; monantha 556; mucidiflora 
563 ; myriantha 564 ; nitida 560 ; occidua 
560; opertit^ora 568; oppositiflora 559; 
Orbignaei 560; Pavonii 556; pineticola 
562; platystoma 562; pleurispicata 562; 
praeclara 558, 559 ; pseudorosmarinus 
557; purpiirae 565; Eegla 566; remissa 
563; rhodostephana 557; rhombifolia 
557 ; roscida 563 ; rypara 562 ; Sacculus 
562; sagittata 557; sapinea 560, 561; 
scgndens 567; Sessi 566; setosa 556; 
Slrmn:m^^2 ; sigiiatepequensis 566, 567 ; 
Siachydi^ia 564 ; striata 559 ; trichopes 
564; tric«tstepliana 558; trifilis 560; 
tubiiflora^'’^9 ; Urica 561; Wagneriana 
567; xalapensis 563 
Samibucus callicarpa 134 
Sat lire ja aciitifolia 553; Panicera 553; 


rugosa 554; iaxifolia 553; tomentosa 
554 

ScMedophytim fallax 122; inexicahuhi 122 
Sciadotenia amaz'onira 238; brachyp<>dn 
239; cayennevsis 238; Dimbri 238: Plah- 
leriana 238; parai’nsls flora 

838; Sagotiana 238; similis 239; soli- 
moesana 238 

Sclerocactiis parvifforvs 419 ; polyancmtrus 
416; ir/hpplm 416 

Scutellaria Benthamiana 553 ; Hookeri 553 
Sedoideae, Mexican 473 
Sedwm Consattii 475; dcndroideum 473, 
476; minimum 473; moraueusc 473, 476; 
napifenim 473, 476; obcordatnm 474, 
476; oxypetalum 475, 476; praealluni 
473 , 

Sempervivmn arboreum 320 
Septochytrimn variabile 387 
S:mith,«A. C., Studies^ of Pacific Island 
plants 397 

Smith, N. C., and Wm. A. Albrecht, Gal- 
eium and phosphorus as they influence 
manganese in forage crops 372 
Sordaria fimicola 460 

Spermolepsis inerinis 124; patens 124; 

var. inermis 124 
Splienospora Copaiferae 47 
Spiraea DoiiglasU 133 
Sporophlyctis Ssata 95 
Staavia gkitinosa 322 
Stacliys aperta 552; boraginoides 552; 
bullata 553; eriantlia 552; globosa 552; 
Lindenii 552 ; M.acraei 553 ; tnmcata 552 
Stagonospora CairtisU 463"-466 
Stout, A. B., The infloreseence in Ilemero- 
calUs — 305 

Structural features of the slioot apicevS of 
diploid aij^d colchicine-induced tetraploid 
strains of Vinca rosea L. 618 
Structure and development of Ophioglos- 
sum pal mat urn 1 

Studies in the Crassiilaceae — II. Mexican 
Sedoideae collected by E. K. Balls in 
1938 473 ^ 

Studies i:-?^ the Ericales: A discussion of 
the gen^4s Befaria in Nortii America 100 ; 
A revie ^ of the North. American Gaylus- 
sacieae, with remarks on the origin and 
inigration^f the group 531 
Studies in the Familv Woroiiinaceae — I. 
.Discussion of a nev[ species including a 
eonsiderati|« of the genera Psendolpid- 
mm and Ofpidiopds 49; II. The cytology 
o:^01pidioj*’3is Achlyae sp. nov. (ad int.) 
75 
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Studies ill tlie Geiitiaiiaceae : Geniiana, 
Section Fneiimonanthc^ Subsection An- 
gustifoliae 660 

Studies in tlic genus Physalacria 265 
Studies of Pe/’Idc Island plants — I 397 
Studies'’*^??f^imerican Hepaticae — Eevi- 
sion of the genus ThysanantJius 32; ill. 
Y'egetative reproduction in Bryopteris 
f ruticulosa 636 

Studies on the embryo of Hordeiim sa-- 
tivum — I. The development of the enn 
bryo 585 

Successful revival of Nostoc commune from 
a herbarium specimen 664 
Supplementary notes on American Labi- 
atae — II 552 

Supplementary notes on American Meni- 
spermaceae 237 

Synchytriim decipiens 84; endohioticum 
85, 95 ; fulgens 8^, 95 ; Pueriae (?5 
Syngo7ianthus cmilesceiis var. angusti- 
folius 70; var. procerus 70 

Taraxacum laevigaiurn 3 o 1-3 58 
Tauschia biennis 122 ; drudeophytoides 
121; fusiformis 123; glauea 121; peu- 
cedanoides 122; pinetorum 122; pubes- 
cens 121; scabrella 122; Strielcla'ndi 121; 
tenuifoUa 122 
Taxodiwm distichim 341 » 

Telitoxicum Duclcei 239; KruPovii 239; 

mi'miUfloriim 240 ; peruviamim 239 
Tetratheca ciUatci 322 
Teucriim hicolor 552; laevigatmn 552; 
nudicaule 552 

Thompson, Boss C., and Thomas W. 
Whitaker, Cytological studies in Lac- 
tuea 388 

Thraustoth e ca c lav at a 7 6 
Three new species of Mexican*^Umbelliferae 
254 

Thuja occide7italls 173, 174, 176, 177, 185, 
186, 188; plicata 135, 141 
Thu7ibergia Cyrtanchifolia 43 
Thysa7ia7ithus afna^OTiicms 33, 37, 38, 40; 
comosiis 33, 39-4!^; d/issopteir^is 39, 41; 
Evaixsii 33, 34, 37 ; lyiexicam^ 32; ptero- 
bry Okies 33, 35-37 | 

Thysanolejeunea ama^onica 37; dissoptei'a 
39, 40; pterobryoides^5 
TracJiycayyus excelsa 347 
Tradescantia hybtids, chromosome be- 

havior at nieiosis|in, 207 '^7'acteata 209; 
caTialiculata 207-2^9, 2137^17, 219, 220; 
hwsiitiflora 208; paludoscui207-2l0, 213, 
217, 219, 220 

Trichocereiis BpacManus 347 ' 

Tropical rusts 467 ' . | 


Tsuga canadensis 173, 176-178, 185, 186, 
188; heterophylla 134, 137, HSO, 140, 142, 
176, 188; MeikerisUma 141 
Typha latifolia 134 - 

Umbelliferae, Three new species of 254; 

New combinations and new names in 121 
Undescribed Lenophyllurn from Mexico 496 
U7'edo affinis 47; Aspilme-laM 47, 

468; CJiei'inioliae 467; cupulata 467; 
Gladioli 292 ; Eypoxidis 4i^; Mauriae 471 ; 
Paspalicola 467 ; Boupalae 471; Stevensi- 
a7ia 467 

Urocystis Colchici 289; Gladioli 289, 292, 
294 

Urotnyces affimis 4:0, 47 ; aineyicaniis 470; 
bermiidianus 469, 470‘,^clarus 46; Oruck- 
shanksiae 469; ictericus 45, 46; Iresines 
46; necopinus 46; perigyn/ius 45 

Vaccinhwi 531, 533, 537, 538; brachycenm 
540; buxifoliuM 540, 541; corymbosim 
547 ; duniosum 540 ; f rondosinn 540; Mr- 
tellum 540; ovaPim 134 ; oxycoccus 134; 
resmosum 540; tomentosim 540, 541; 
iirsmum 540 

Validity of equations for relative growth 
—‘Constants wdien applied to sigmoid 
growth curves 295 

Variability in wood structure in roots of 
native Ontario conifers 173 
Velaear cordata 122 ; disseeta 122; glauea 
121; var. p7irpurase€7is 121; peueedon- 
oides 122; scabrella 122; Scdiaffneri 122; 
sei'rata 123; ternata 122; tuberosa 123 
Verbenaceae, New species and /varieties of 
498 

Vida faba 519, 528 

Villadia BatesU 475, 476 ; Goldmanii 475, 
476 

Vinca mmor 621, 624, 626, 628, 632-634; 
rosea, Structural features of the shoot 
apices of diploid and colchicine-induced 
tet rap lord strains of 618 
Vittaria Imeata 1 
Volvox aureus 440; globator 440 

W ashing tonia fiUfera 347 
Whitaker, Thomas W., and Boss C. 
Thompson, Cytological studies in ^Lac- 
tuca 388 I 

White, Stephen S., An und^yribed iLcno- 
pJiyllu7n from Mexico 494^^ 

Woronma polycystis 82 
Woroninaceae, Studies in, — I 49; II 75 

Ypsilosj^ora 46; BapMae 46, 47 

Aea mays 519, 527 
Aisia St7ficlcla7idi 121 » 
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firrhsr 

You are assured of courteous treatment and an 
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COMPACT 

EFFICIENT 

HUETTNER 
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DESK OVEN 
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Projected Heater 


No. 6601 

No. 6601 — OVEN, Huettner Paraffin, for embedding purposes. This is an efficient and reliable paraffin 
oven incorporating many features. Recommended for individual or class us^, such as embedding, filter- 
ing pa affinrlly ading sections, and drying slides. Many institutioi^have adopted this oven. 

Some of the Iii%ortant Features Are:- 1. Constructed of non-rusting monel m«tai. — 2. Uses heating 
coil instead ^of IsSijps. — 3. Has a thermostat for automatic temperature control.----4 f Pilot light illuminates 
the inside — 5. Separate drying chamber accommodating 50 sli^s, — 6. Convenient size: — 

g// X 6^' inside.-^. Can be used for Feulgen reaction. ^ c ^ 

No. 6601 Price Ea. 35.00 
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Vk<mk y&VL, 

G. S. Torrey, Professor of Botany, Connecticut State College, in a letter to 
Week stated: ... We have used them strictly for cutting sections of 

mostl^fungus material held in pith . . . my students have had better suc- 
^fiSS i*vith this knife than any which I have previously employed. ^ ^ 


WECK BANTAM 


WECK SECTIONING RAZOR ^ ' 
KNIFE 45 cents Each \ 

The experience of Prof. Torrey has been confirmed by \ 
many other instructors in the same field; yet Week offers \ 
to send one of these Razor knives on FREE TRIAIi that, ^ 
you may prove it for yourself without risk. Use the Week 
Razor for a month; if you don’t agree, retuni it, and chiirge 
will be cancelled. Interchangeable, replaceable blades cost but 
B<li each^ 

EDWARD WECK & CO., Inc., 

135 Johnson St., Brooklyn, IST. Y. 
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BLADES 

\ Free Trial 


PURE PHYTOHORMONES OR 
GROWTH SUBSTANCES 

Write to us for prices 

Indol Acetic Acid 
Indq;! Butyric Acid 
Methyl Indol Butyrate 
Methyl Naphthalene Acetate 
Naphthalene Aeetanude 
Naphthalene Acetic Acid 
Naphthalene Acetonitrile 
Potassium Naphthalene Acetate 
These are pure crystals, tested for physiologic activity 

AyiERlCAN CHEMICAL PAINT 

Manufac|urers of EOOTONE, TRANSPLANTONE and FEUri^E 
" 'j AJABLER, PA. 
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SOME FACTS. 
_ , . . ABOUT 

AMERICAN MADE COVER GLASSES 


DEVELOPMENT . . . 

For many years, G-OLD SEAL Cover 
Glasses have been cut, gauged and pack- 
aged in our New York City workshop,”^ 
but manufactured from imported glass, 
as it was^not available domestically. 
However, in view of foreign develop- 
ments, we undertook to establish ^ do- 
mestic source of .supply several years 
ago. The possible sources of supply 
were limited, due to the fact that the 
glass from . which microscope cover 
glasses are cut is handblown; the un- 
usual thinness of glass req.uired; and 
the non-corrosive type from which it 
has to be blown. 

We are now hgippy td announce that 
after considerable investment s^ - 
eral years of research work, 'v^have 
available, glass embodying the chemical 
and physical properties of the type 
formerly imported. 

PROPERTIES . . . 

American made GOLD SEAL Cover 
Glasses, an^mretofore, are NON-COR- 


ROSIVE and NON-FOGGING, and by 
careful laboratory testing are main- 
tained at the same high c[uality. Phys- 
ically, the glass is practically free from 
all defects, including stria, bubbles, and 
curvature. 

* 

PRICES ARE REASONABLE . . . 

Naturally, American made GOLD SEAL 
Cover Glasses are considerably more 
expensive to manufacture, but the prices 
have been kept low. They are less 
profitable to market than the cover 
glasses made of imported glass. How- 
ever, we are justly proud that the de- 
velopment %f American made GOLD 
SEAL Cover Glasses is an accomplished 
fact. 
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prices. If, you have not received a copy 
of this catalogs please write for one on 
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A Cooperative Organization Affiliated with the National Research Council 
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^ executive committee 

Objects: To increase reliability of biological stains on the market; 

To stimulate research concerning stains and their biological uses 

Chairman: H. J. CONN, Agr. Expc-^.. Station, Geneva, N. Y. 
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BIOLOGICAL STAINS 

A laboratory handbook on 
the nature and uses of 
dyes employed in micro- 
technic 

4th Ed., 1940 $3.40 


STAIN TECHNOLOGY 

A Journal for 
Micro technic 
Issued quarterly 
$2.25 a :^ear 


Place orders with: 

"BIOTECH PUBLICATIONS, Lock Box 299, Gef.eva, N. Y. 


TORREY BOTANICAL CLUB 
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of all botanical publications of tire Ncaa- World from 189B to 1940. 
Each title is printed on a separate cSi d'iA two sizes, 2" x S'" and 
3" X 5", fn library style, and is available at 3 cents each. 

The cards are sold in sets covering any year in this period. Sub- 
scriptions for 1941 arfe open. The approximate number of cards 
for 1941 will be 2000. ■ 

Address al!^ inquiries to 

; Br. W. GORDON WHALEY " V" 

Barnard College, OolumMa Tlniversity, New York City. 






MEMOIRS OF THE 
TORREY BOTANICAL CLUB 

A SEEIES of teclinical papers on subjects of fundamental importance, and of 
% great^j length than can generally be accommodated by botanical joiinials. 

The first Memoir was published on the 25th of May, 1889. .^ice then 
they have continued to appear at irregular intervals. Buring this linn 46 
Memoirs have been published. Among theij^ are included some of the most 
outstanding original contributions to the development of botanical science. 

Examples jp^Eecent Memoirs op 
the Torrey Botanical Club 

Tryman George Yuneker. The Genus Guscuta. Pages 109-330, figures 
1-15S, Vol. 18, No. ,2. 1932. Price $4.00. 

John S. Karling. The Cytology of the Ghytridiales with special refer- 
ence ,t£> Cladochytrium replicatum. Pages 1-92, plates 1-6, Yol. 19, No. 1. 

, 1937 . 

Hobfesis Clausen. A Monograph of the Ophioglossaceae. Pages 1-177, 
figures 1-SS. Yol. 19, No. 2. .1938. Price $2.00. 

G. Ledyard Stebbins, Jr. Studies in the Cichorieae: Bubyaea and So- 
roseris, Endemics of the Sino-himalayan Region. Pages 1-76, figures 1-17. 
Yol. 19, No. 3. 194?). Price $1.25 and ]30stage. ♦ | 

For further inf^prmation about the Memoirs of^e . Torrey Botanical 
Club, including a list of all those published with th(f®!prices of those still avail- 
able, address , 

Dr. W. GORDON WHALEY 

Barnard College, Columbia University, New York City. 
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. THE TORREY BOTANICAL CLUB 

(The oldest hotanical Society in America, International in scope, 
Affiliated with the N. Y. Academy of Sciences and A.A.A.8.) 
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Club : 
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• volume. 

Schedules of field trips and notices of all local sciem^e meetings. 
Associate Membership $2. 

Schedules of field trips. Notices of local science meetings. 
Sustaining Membership $15.* Life Membership $100.* 

All^rivileges and publications. 
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- * . . Dr. W, Gordon Whaley # 

Barnard College, Columbia University^ New York City 
*^60% of this amount covers a subscription t(^fN Bnlletin ami 10% covers a 
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Instructions for Contributors 


Manuscript slioiild be typed double-spaced on one side of standard 
paper. If a line of 60 characters is used and 26 lines to the page, the 
number (rf printed pages (exclusive of illustrations and bibliogrliphy) 
will be about half the number of typed pages (two-fifths if they con- 
tain mostly formal taxonomior descriptions). The editor may accept 
papers up to 20 printed pages in length. Illustrations (including tables 
and graphs) shoi^ld not exceed 20 per "i^t of the text; the aidhors of 
more copiously illustrated articles may be asked to pay for ^e" excess. 

Drawings and photographs should be mounted on stiff cardboard 
and the desired reduction plainly indicated. Figures should \be so 
planned that after reduction they will occupy the entirevvicj^i*' of a 
page (4| inches) and any portion of the heighl^/ jl^' Labels 
should be parallel to the shorter dimension of the page. It is best to 
combine illustrations into the smallest possible number of groups. The 
editor camidt accept ioosfb figures or figures so mounted as to leave 
large unused spaces T^_the printed page. The thkkness of lines and 
dots mpst 1^ planned with the desired, reduction in mind; it is still 
more important to calculate the requisite spaces between lines and cMs. 
One should distrust the common belief that sufficient reduction will 
conceal defects of draughtsmanship. 

Figures should be numbered consecutively. Plates are not inserted 
unless special methods necessitate them. Legends for figures should be' 
typewritten and included with the manuscript (woi affixed to^ne fig- 
ures). All legends for one group of figures^hould form a single para- 
graph. If magnifications are stated, they should appl.y td the reduced 
• figures. 

In style recent usage of the Bulletin should be followed as far as 
possible. This applies to punctuation, capitalization, use of italic, des- 
ignation of new species and combinations, citation of specimens and 
synonyms, and referdnee to literature and illustrations. Referenee to 
literature may be by number or by date; or footnotes n^ay be used. 
Time and ^yors will be saved if of the 

Index to lliherican Botanical Literature are adopted. The tkle of the 
paper should-be as short as is consistent with clarity. Primary divisions 
may be indicated by centered headings, subdivisions by italicized cap- 
tions at the margin. Except, brief notes, every paper should conclude 
with a summary ,jpreferably of numbered paragraphs. The institutional 
or other address of the author should appear beneath the sip^ary. 
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Contributors m§y order reprints of their articles whetrnfley- return 
galley-proof to the editor. ..I schedule of charges is sent with the proof, 
and will be supplied to pfospeetive contributors on request. 



